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Chapter 1. Introduction 
 
It is well known that world energy supply could possibly dominated by renewable energy 
in these 40 years if all countries and policy makers are in hand to promote the sustainability in 
green growth of renewables and everyone strive for the reduction of greenhouse gas emission 
reduction. According to IPCC Intergovernmental Panel on Climate Change, the total investment 
for renewable energy would only amount up to one percent of world GDP compared to the huge 
effects cost by the global warming and climate change and the amount is undeniably less 
significant and as a bonus the world would able to reduce the GHG gas to keep the 
concentrations to 450 parts per million [1]. 
 
It is reported that in order to achieve the emissions reduction target, SRREN Renewable 
Energy Sources and Climate Change Mitigation has estimated in the power generation sector, 
the global cumulative investments up to USD 5,100 billion for the decade 2011 to 2020, and 
totaling to USD 7,180 billion for the decade 2021 to 2030 are needed in order to promote the 
low carbon movement worldwide. The fast growing renewable energy has increasing capacity 
globally each year and the most important part today are played by the developing countries 
where high number of people are living with less or no access to electricity therefore the 
deployment of renewable energy is somehow crucial and play a big role towards improving the 
society and economy [2]. 
 
One of the most established renewable energy source which has an abundance natural 
source and suitable for almost every country is solar photovoltaic (PV) generation system. Solar 
energy has been promising and since 2008 the price of the solar PV technology system has been 
decreasing and expected to continue going down in the near future. The low cost of solar PV 
panel has also promoted the installments of solar PV system worldwide, and according to IEA, 
the total installed capacity worldwide from 6 GW of capacity in 2006 and impressively 
increased to reaching up to 303 GW globally.  
 
Solar PV system has contributed so well in the low carbon movement all over the world 
and has been well received by developing countries in Asia such as Malaysia. Apart from small 
scale low power solar PV, large scale solar PV is increasing in capacity in developed countries 
in Europe and Japan and this is potential that should be considered in a country with sunlight all 
year round and abundance of unoccupied land as Malaysia. Experts has agreed that solar PV 
generation is a crucial aspect in addressing the global warming issues and in order to address the 
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rising emission of greenhouse gas and climate change there is a need to increase the world 
power supply to come from renewables especially solar powered energy. 
 
For more than 20 years large scale solar PV has proven to be a reliable source of energy in 
the developed countries, and the solar power development can be planned to put balance 
between technology and environment where while generating energy a good impact to 
environment can be achieved. Therefore Malaysia as a developing country with increasing 
energy demand and abundance of solar irradiance and land to be explored , should take the leap 
and promote the federal policies to accelerate growth of large-scale solar, apart from taking a 
part in promoting green growth in world energy supply, the deployment of large-scale solar PV 
system can also create jobs and help diversify the energy mix while achieving the target in 




1.1 Malaysia Background information 
 
Located on the South China Sea, Malaysia consists of Peninsular Malaysia (West Malaysia) and 
Sabah and Sarawak (East Malaysia) also known as Borneo. The country, with total land covering 
to 330,000 sq km is made of 60% of East Malaysia part and 40 % of West Malaysia part as shown 
in Figure 1.0. [4] The total population of 31.19 million (2016) has almost 80% fixated in the East 
Malaysia part. Malaysia has been blessed with all year solar radiation around 400-600 MJ/m
2
 and 
the temperature fell around 23◦C to 34◦C daily which is suitable for solar PV generation. As 
shown in Figure 1.2, the high solar insolation cause with more than 10 hours of sun per day 
average insolation of more than 1600 kWh/m2 per year shows that Malaysia has a high potential 
for solar PV generation all year round. The solar PV generation can benefit both urban and rural 
area however the high capital cost of solar PV installation has become one of the setbacks in the 
further growth of solar PV deployment. 
 Energy has been the most important catalyst towards the rapid growth of Malaysia‘s population 
as well as the economy. The fast pace developments, as well as the rising living standards and 
greater income per capita, have stimulated a tremendous energy demand. However, the high 
consumption of fossil fuel resources is known to give more damage than good to the 
environment. Therefore there has been a trend in developing countries towards shifting to 
renewable energy resources in order to mitigate the impact on the environment. Malaysia is no 
exception in this commitment in the energy balance towards a more sustainable development. 
Malaysia has promised to continue pursuing green growth, in terms of policy and regulatory 
framework, and green technology investment. According to the plan, Malaysia is committed to 
continuing the required capacities, capabilities and skills towards supporting the green growth 
development including the renewable energy initiatives [5]. 
 According to Malaysia Eleventh Plan, one of the approaches towards pursuing green growth is 
by undertaking the sustainable consumption and production concept that promotes economic 
growth without compromising the environment. One of the strategies is to focus on promoting 
renewable energy sources as well as boosting up the development of the renewable energy 
systems. Prime Minister YAB Dato‘ Sri Mohd Najib Tun Abdul Razak announced that Malaysia 
would voluntarily reduce its GHG emissions intensity of GDP by up to 40% based on 2005 





Figure 1.1 Maps of Malaysia 
 
 





1.2 Scope of Problem and Objective 
 
Malaysia‘s rising energy and electricity demand has resulted the venture into various source of 
electricity generation including renewable energy especially solar PV. Ever since the 
deployment of the new renewable policy in 2010 and the introduction of Feed in tariff in the 
renewable energy policy there has been a rapid growth in installation capacity of solar PV 
installation throughout Malaysia. [7] [8] However the accumulated growth has slowed down in 
the recent years due to the limited quota set by the sustainable development authority in 
Malaysia and due to high capital cost, although Malaysia has an abundant of unexplored land to 
possible to be converted to the large scale solar PV system [9], there is still lack of venture and 
deployment from both government and public.  
 
Hui Oh et al (2010) concluded that large scale commercial use in solar PV system is not yet 
significant in Malaysia renewable energy industry and more focused on domestic level only. 
Abdul Rahman et al reported although  there are several research and studies that there is a 
technical feasibility in the generation of energy from renewable resources, they are not been 
fully undertaken on a large scale system. Vigneswaran Applasamy (2011) has conducted  life 
cycle costing analysis over a span of 25 years has been analyzed to determine the development 
cost of the stand-alone PV system and finally to calculate the cost per kilowatt hour (kWh) for 
the several photovoltaic technologies and concluded that the cost of solar PV system is five 
times more than the present cost of electrical energy distributing to the domestic household in 
Malaysia, which becomes the main disadvantage in implementing solar PV systems. Mohamed 
Ghazali S (2013) has conducted feasibility analysis on large scale solar PV in Grid-Connected 
and Stand-Alone Hybrid Systems however the analysis has only approached the technical view 
of large scale system.  
 
Therefore in order to evaluate the prospective of large scale solar generation in Malaysia, there 
is a need for a comprehensive research of an in-depth study into the current situation of solar PV 
system in terms of its development while looking into room of improvement in government 







This research is conducted in a comprehensive approach to investigate the direction of current 
solar PV system in Malaysian renewable energy industry specifically the deployment of 
large-scale system and the current challenges in investment and installation of such system 
under three point of view in terms of environmental, financial and technical view (Figure 1.3). 
The research is conducted from a multi-perspective view to further observe into Malaysian 
current financial support mechanism is to address the lack of renewable energy fund which 
eventually will impact the quota offered by the government for solar PV while exploring the 
potential improvements in government standards and policy making in order to promote more 
large scale solar PV to be integrated in Malaysian electricity generation. The perspective 
towards large scale solar PV system are collected from Malaysian public and experts to fully 
understand the challenge faced in large scale solar PV system. The environmental approach is 
done by investigating the elements contributing in CO2 emission in electricity generation in 
Malaysia and the technical analysis is conducted to observe the potential in large scale solar PV 
in Malaysia.   
 
 





This is the only research that approached the system in a multi-perspective view and conducted 
in depth analysis of the financial support system in Malaysia renewable energy policy. 
Therefore the contents of this significant research is valuable to Malaysian decision maker and 
solar PV industry specifically and renewable energy in general for its best purpose. 
 
The conclusions and recommendations drawn in this research would be useful to the Malaysian 
policy makers as well as renewable energy and solar PV industrial experts to assist Malaysia's 




1.3 Research Framework 
 
This study is conducted to investigate the future of large-scale solar PV development in 
Malaysia by analyzing the perspective and challenge towards the system and to calculate the 
potential of integrating large scale solar PV system in Malaysian grid according to feed in tariff 
incentives and to conduct the environmental, technical and financial assessment in order to 
promote large scale solar PV in Malaysia towards a more sustainable future of the country.     
 
The comprehensive study is designed as interdisciplinary and multi‐level research and consists 
of the following stages: 
 
1).  Assessment of the CO2 emission by decomposition analysis of electricity generation in 
Malaysia by analyzing the current status of CO2 emissions from electricity generation in 
Malaysia where a well‐rounded observation can be made onto the current Malaysia‘s 
electricity generation and thermal power structure which highly affect the measures to 
mitigate CO2 emission and improvement in the generation efficiency as well as integration 
of renewable energy in the energy sector. 
 
2).  The investigation of the challenges exist towards integration and installation of large scale 
solar PV in Malaysia where the public and expert perspectives are identified and 
comparison with current perspectives in Japan to view the similarity or differences in order 
to further improvise the current system in Malaysia of future plans towards green growth 
and sustainability. 
 
3).  Assessment of current solar PV development throughout Malaysia and the support 
mechanism that is offered by the energy sector of Government of Malaysia including the 
Feed in Tariff. 
 
4).  Feasibility analysis of installation of 5 MW solar PV power plants in various states and 
Malaysia including the environmental, technical and financial aspect. A close observation 
into potential of integration of large scale solar PV system regionally and the effects of 
reducing fossil fuel combustion and balancing the base load of electricity demand and 





The result of this research showed the high potential of integration of large scale solar PV 
throughout Malaysia and the need of improvement in the financial support mechanism, policies 
and regulations in order to boost the development of the system in addition to the current CO2 




1.4 Research Structure 
 
  
 Feed in Tariff (FiT) scheme  
 Impact of FiT to consumers 
 Progress of FiT 
Malaysian economy and energy overview 
Malaysian electricity overview 
 
Chapter 6 
Feasibility analysis of large scale solar PV in Malaysia 
 National analysis 
 Regional analysis 
  
 Malaysian Solar PV overview  
 Identifying challenges in large scale solar PV system  
Chapter 7 




Malaysia current energy situation 
Chapter 4 
Solar PV system in Malaysia and its challenges  
 
Chapter 5 
Financial support mechanism for renewable energy in Malaysia 
 CO2 emission analysis 
 Decomposition analysis 
Chapter 3 
Decomposition analysis of CO2 emission from electricity 
generation in malaysia 
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Chapter 2. Malaysia Current Energy situation 
 
The ever growing population parallel with the rising demand of energy in Malaysia has initiated 
the need of diversifying the energy resources not only limited to non-renewable fossil fuel , but 
also to venture into hydropower and renewable energy resources such as biomass, biogas and 
the focus of this study, the solar power generation. 
 
In this chapter, we will take a closer look at Malaysia current energy situation, primary energy 
supply and the current energy demand where electricity generation plays a vital role with big 
percentage from total energy in every sector. From the overview of Malaysia energy outlook we 
will focus into the renewable energy development in Malaysia and concentrate into the current 
solar PV development and government current target and policy measures in tackling the issues 
of mitigating the climate change by integrating the renewables into the country current 




2.1 Malaysian Population and Economy Scenario 
 
As shown in Figure 2.1, Malaysian population has been growing tremendously with average 
growth rate of 2.3% annually over the last 10 years from 13.9 million in 1980 and reaching up 
to 31 million in 2015. The population has been predicted to extend to 38 million by 2030 
according to Department of Statistics Malaysia [4].  
 
Along with the population growth, Malaysia is also observing a fast development of 
socio-economic sector which has promoted the growth of industrial sector in the early 80s. 
Malaysia, with reputation of the 3
rd
 largest economy in southeast Asia, the fast growing 
population and socio economy undoubtly calls for increasing energy demand and improved 




Malaysia is experiencing a promising growth of nearly 8% in GDP up until 1997 where Asian 
financial crisis occurs and the government taking measure to recuperate with the effects of the 
crisis by reducing the pace of manufacturing sector and this has deeply impacted the national 
GDP. However post crisis in 1998 with various economic measures the Malaysian economy has 










In 2008 global financial crisis had affected the economy in countries all over the world hence 
the slight fall in the GDP but eventually managed to bounce back after 2009 with the GDP price 
reaching up to 1062 trillion ringgit in 2015. Recently Malaysian economy has been named as te 
23
rd
 most competitive country according to the global competitiveness report 2017 due to low 











2.2 Malaysia Energy outlook 
 
The increase in population and economy definitely will boost the energy consumption and 
demand in a developing country like Malaysia. Malaysian primary energy supply consist of 
natural gas, coal, crude oil, hydropower and a few renewable resources such as solar power, 
biodiesel, biomass and biogas. Malaysia has been blessed with its own oil resources and in the 
early years 1970s crude oil had been the biggest share in its primary energy supply with more 
than 80% share.  
 
Towards 1991 the primary energy supply in Malaysia has shifted towards natural gas 10.11 
Mtoe almost the same amount of crude oil. 1992 onwards the natural gas share has been 
increasing and finally surpassing the crude oil as the primary energy supply in the 2000s.  The 
early 2000 also observe the introduction of coal and coke in the energy supply due to its 
competitive price and availability and continue to grow in the supply share ending with a big 
percentage in the total share 15.32 Mtoe in 2015 a 16% of total share. [7] 
 
The government of Malaysia has implemented the Fifth Fuel policy in 2001 by introducing 
hydropower energy in to the energy mix. This policy also introduced to uncover the other 
resources in renewable energy hence the gradual introduction of other resources such as solar 
power, biomass, biogas and biodiesel into the primary energy supply with an aim to have 
electricity generation incorporated from renewable energy in 5 years. [5] The vast amount of 
river all around Malaysia has also being taken advantage of as hydropower resource especially 
in the West Malaysia part in the Borneo island where the state of Sarawak has opened to new 
ventures into hydropower generation. By 2015 the hydropower energy has reached 3Mtoe and 
continue to expand in the recent years with more opening of hydropower plants. The current 
year also witnessed the integration of renewable energy into Malaysian primary energy supply 
from solar power, biomass, and biogas totaling of 795ktoe (Figure 2.3). The total energy supply 
has been increasing gradually over the years due to the fast growing of economy and population 






As seen in Figure 2.4, the increasing GDP has influence the final energy demand in Malaysia. 
From less than 200Mtoe in 1980 the Malaysian energy demand has continue to increase steadily 
along with the GDP but experience a slight fall during the Asian financial crisis and global 
energy crisis but continue to grow at averaging at 7.3% growth over the years due to 










To take a look in the energy demand by sectors, as shown in Figure 2.5 in the early 1980 the 
energy demand in Malaysia is highly dominated by the industrial sectors due to the 
industrialization era where manufacturing has been the drive of Malaysian economy with 











The rising population and urbanization combined with introduction of new technology has 
promoted the energy demand in the residential and commercial sector where electrification has 
widely exposed to all over Malaysia. It is observed that in the late 90s the demand in this sector 
has grown tremendously with 15-23% growth. The transportation sector has been contributing 
big to the energy demand in Malaysia and has finally dominating the final energy demand in the 
recent years reaching up to 23.4Mtoe. Since the transportation sector in Malaysia is still highly 
dependent to petroleum product –oil and diesel this is a major concern not only the Malaysian 
energy security but also the contribution to the greenhouse gas emission [7]. In addition the 
recent years also obrserved the rise of energy demand in agricultural sector with the 










2.3 Malaysian Electricity Structure and Demand 
 
In the Malaysian Economy in Figures 2016 report from the Economic Planing Unit EPU, as 
shown in the Table 1 it is observed that electricity holds an average share of 20% from the total 
energy consumption over the recent years.[7] With the rising economy and population 
consumption electricity has become one of the important source for energy and the demand will 
continue to grow.  
 
Malaysian electricity industry has been monopolized by 3 major players divided by three big 
region in Malaysia whereby the peninsular Malaysia managed by Tenaga Nasional Berhad 
(TNB), while another two states in the island of Borneo in the West Malaysia is being managed 
by Sabah Electricity Sdn. Bhd (SESB) and Sarawak Electricity Supply Corp. The two 
companies TNB and SESB are being regulated by a semi government corporation called 
Suruhanjaya Tenaga (Energy Comission) which is responsible for regulating the electricity 
supply and piped gas in peninsular Malaysia and Sabah. The companies have been generating 
electricity for consumption throughout Malaysia from their official power plants alongside with 
contracted Independent Power Producers (IPP)[8]. 
 
 




















27,329 55.4 29,379 57 29,817 57.1 30,175 57.1 
Electricity 10,011 20.3 10,590 20.5 11,042 21.1 11,175 21.1 
Natural gas 10,206 20.7 10,076 19.5 9,641 18.5 9,757 18.5 
Coal and 
coke 
1,744 3.5 1,539 3 1,709 3.3 1,730 3.3 
19 
 
As of 2015, the total generation generation mix produced from these utility companies has 
amounted to 144,565 GWh with a mix of highest share from natural gas and coal, 46.3% and 
41% respectively followed by hydropower generation at 10.7% and a small share of renewable 
generation (Figure 2.6). [9] This shows that major generation of electricity in Malaysia comes 
from fossil fuel combustion therefore this has become a main concern in the future energy 
security in Malaysia as these are non-renewable fuel type. Looking at the trend of electricity 
demand in Malaysia as shown in Figure 2.7, alongside with the growth of GDP, the electricity 
consumption had grown tremendously from 747 ktoe in 1980 to a significant 11..4 Mtoe in 2015, 
an increase of almost 10Mtoe over the period of 35years and hardly affected by the plummeted 











Taking a view at the electricity demand by sectors, as shown in Figure 2.8, the electricity 
consumption is majorly dominated by the industrial and commercial sector ever since 1978, and 
the trend continues and post Asian financial crisis a new player emerged the residential sector 
and continue to rise as third highest share holder in the electricity consumption reaching to 2.5 










With this rising demand in both residential and industrial sector, the concern of high fossil fuel 
consumption for electricity generation is inevitable and the dependency for non-renewable 
source is forecasted to continue to do so with the low cost of carbon and stable availability of 
natural gas. In order to address this major concerns on fossil fuel electricity generation 
government has came out with a few policies as a plan to overcome the dependency on 
nonrenewable sources and slowly integrate other alternatives to ensure the energy security while 












2.4 Discussion and empirical findings 
 
As described in this chapter, with increasing population and GDP, the increase of energy and 
electricity consumption in Malaysia is unavoidable. The growing demand has called for high 
electricity generation to keep up with the ever-growing demand. In average, electricity 
consumption calls for more than 10 Mtoe , 20% from the total final energy consumption which 
is the second highest source after petroleum. However it is clear that Malaysia is highly 
dependent on fossil fuel and the situation is forecasted to continue due to the attractive cost and 
high efficiency of non-renewable fuel for electricity generation. The high dependency on fossil 
fuel definitely contributes to high CO2 emission and is major concern to the environment. 
However in order to mitigate the CO2 emission related to the electricity generation in Malaysia 
there is a need to investigate the major contributing factor so that we can find any room of 




Chapter 3. Decomposition of CO2 emission from 
electricity generation in Malaysia; a complete 
analysis   
 
In tenth Malaysian Plan, Malaysian government had voluntarily targeted to reduce its emission 
intensity to 40% compared to the 2005 level by the year 2020 and recenty re-pledge to reduce 
more and declared for 45% emission reduction by 2030. .Looking at the country‘s high 
dependency to the fossil fuel generation it is a high concern on the increasing CO2 emission in 
Malaysia. In accordance with the generation plan forecasted by the Energy Emission, the natural 
gas and coal consumption in electricity generation is expected to continue growing substantially 
in the next decades thanks to its attractive costs. Since it is impossible to ultimately stay away 
from fossil fuel combustion in power generation there is a need to look closely at Malaysia‘s 
CO2 emission and to find the key factor which and observe how it affects the increase or may 
help to decrease the CO2 emission in electricity generation. Once the key factor is identified it is 
easier to address the factors and find room of improvement in the current policies in order to 
help mitigate the CO2 emission and achieve government target of 45% reduction to the level of 
2005 by 2030 [7] [11].  
This chapter intends to analyze the current status of CO2 emissions from electricity generation 
in Malaysia during the period 1992-2014 by applying the logarithmic mean Divisia index 
(LMDI) Technique to find the nature of the factors influencing the changes in CO2 emissions. 
 
The emission from electricity generation in Malaysia will be decomposed into several factors 
which are the emission coefficient factor, thermal share factor, generation efficiency factor, 
electricity structure factor, electricity intensity factor and economic activity factor and the 
contributing factor is then observed how it affects the emission trend in the electricity 
generation of the period of less than 20 years. The analysis will help into policy making in 






The most common decomposition analysis method used to study the changes of an indicator 
over a period of time in energy consumption analysis are the structural decomposition analysis 
(SDA) and the index decomposition analysis (IDA). According to Ang has reviewed that in 
order to have a deeper understanding of the drivers of energy related emissions IDA is most 
used. [13] Ang et al has also proposed that the benefit of this IDA method is that researchers are 
able to investigate the structural change over the aggregated period of time and its impact to the 
emission and any change in the energy intensity as well as the energy consumption in the 
specific industry.[14] Index decomposition analysis has been widely used as a tool by 
researchers and policy makers, as well as international organizations to address energy and 
environmental matters in many developed and OECD countries. Hoekstra and van den Bergh 
(2003) have concluded that the for more detailed time and country studies IDA is more suitable 
while SDA is better for a refined decompositions of economic and technological effects , 
decompositions of economic and technological effects [21] but Ang has also concluded in the 
context of decomposition analysis , it is recommended that the multiplicative and additive 
LMDI methods being preferred due to their theoretical foundation, adaptability, ease of use and 
result interpretation, and some other desirable properties. .[18][19] Therefore in order to study 
Malaysia‘s emission trend over the period of 1980 until 2015 the logarithmic mea Divisia index 
technique is applied to find the key factors affecting the emission from electricity generation 
sectors. 
 
First, in order to obtain the CO2 emissions from Malaysia electricity generation,  
The key factors that contributing to the emission trends are determined as variables which are 
 
(i) The emissions coefficient effect which denotes the changes to the emission affected by the 
coefficient by the fuel used in the electricity generation. 
 
(ii) The structure effect which denotes changes in the emission based on the share of the fuel 
used in thermal combustion in malaysian electricity generation.   
 
(iii) The electricity generation rate effect  which denotes the changes in the emission from the 
improvement of efficiency of fuel used in the electricity generation. 
 
(iv) The thermal power structure effect which denotes the change structure of electricity 
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generation generation from the total thermal power generation.  
 
 
(v) The electricity intensity effect which denotes the changes in the emission affected by the 
changes in electricity generation ratio over the total GDP.  
 
(vi) The economic activity effect which denotes that an increase activity (GDP) contributes to 
increase in the the emission from electricity generation.  
 
The CO2 emission from electricity generation in Malaysia in obtained by  
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Where 
 
CO2 emissions based on fuel type f denoted by Cf 
Total thermal power generation denoted by ETH 
Total thermal power generation by fuel type f denoted by ETHf 
Energy consumption by fuel type denoted by Ef 
Total electricity generation denoted by EG 
Gross domestic production denoted by GDP 
 
Also note that  
 
CCf denotes the emission coefficient based on fuel type f 
ETHS denotes the thermal power generation share in total electricity generation, 
EGf denotes the Electricity generation efficiency based on fuel type f 
ESf denotes the electricity generation share in total thermal generation based on fuel type f,  






It is assumed that the carbon emission factors of coal, gasoline, kerosene, diesel oil, fuel oil and 
natural gas are constant and the very small change of fuel grade over the years  
Following the LMDI method by Ang (2004), the changes in CO2 emission from electricity 
generation are then decomposed into  
 
 
(i) The changes in the coefficient effect ∆Ccoef  
(ii) The changes in the thermal structure effect ∆Cstruct   
(iii) The changes in the Generation efficiency effect, ∆Cgef  
(iv) The changes in the Electricity structure effect, ∆Ctherm   
(v) The changes in the Electricity intensity effect ∆Cint   





Solving the total emissions, the logarithmic mean weight function is expressed as: 
L(x,y)=(y−x)/(lny−lnx), where both x and y are positive numbers and x≠y. [15] Thus under the 
logarithmic mean weight scheme, the structural formula for the change of CO2 emissions from 
electricity generation in Malaysia in the aggregate year 0 to year t 
 




∆Ccoef  =  ∑
  
    
 
     
        
  
   (
   
 
   
 )                     (3-1) 
∆Cstruct =  ∑
  
    
 
     
        
  
  (
     
     
)                    (3-2) 
∆Cstruct =  ∑
  
    
 
     
        
  
   (
   
 
   
 )                      (3-3) 
∆Ctherm =  ∑
  
    
 
     
        
  
   (
   
 
   
 )                      (3-4) 
∆Cint =  ∑
  
    
 
     
        
  
   (
   
   
)                        (3-5) 
∆Cgdp =  ∑
  
    
 
     
        
  
   (
    
    




3.2 Data description and variables 
 
It is important to consider the effect factors contributing to the change in the carbon dioxide 
emission in conducting this analysis  
 
(i) Emission Coefficient effect which is defined by the ratio of carbon dioxide emission and 
the fuel consumption in the electricity generation.  
(ii) Electricity Structure effect which is defined by the ratio of the share of thermal power 
generation in total electricity generation. The share of thermal combustion will affect the 
emission of carbon dioxide. 
(iii) Electricity generation efficiency effect: It is defined by the electricity generation rate based 
on fuel used in the electricity generation.   
(iv) Thermal structure effect which is defined by the structure of electricity generation in terms 
of type of generation including thermal or non-thermal including any renewables in the 
total generation. 
(v) Electricity Intensity Effect which is defined by the change in the ratio of the electricity 
intensity and GDP  
(vi) Economy Activity effect which is measured by GDP of the economy. It is assumed that the 
GDP as a measure of more economic activities will impact the CO2 emission.[19] 
 
 
In this chapter, the data for this analysis has been collected from the statistic department of 
Malaysia Energy Information Hub (MEIH) for the research period which starts in 1992 and 
ends in 2014. MEIH is a portal undertaken and managed by the Energy Commission (EC) of 
Malaysia. The full data for analysis is shown in Table 2, note that the the GDP data and energy 
data are in Million Malaysian Ringgit in constant 2010 price and kilotonnes of coal equivalent 




Table 2 Malaysian data for decomposition analysis 
Year 


















1992 160 2352 3144 968 2146 2,521 314285 
1993 87 2388 4374 884 2568 2,987 345384 
1994 249 1957 5119 925 2801 3,362 377201 
1995 265 2073 6414 957 3374 3,909 414276 
1996 284 2354 7489 950 3975 4,421 455714 
1997 185 2482 7531 882 4644 4,977 489085 
1998 275 2130 8886 964 4596 5,220 453092 
1999 172 950 10162 1332 4762 5,609 480901 
2000 191 592 11580 1495 5132 5,955 523504 
2001 278 730 11922 1994 5333 6,112 526213 
2002 476 1363 12424 2556 5771 6,384 554581 
2003 340 289 10893 4104 6134 6,748 586683 
2004 272 274 10545 5327 6215 7,075 626481 
2005 298 275 12271 5541 6259 7,108 659885 
2006 617 171 12524 5964 6687 7,740 696739 
2007 314 199 12549 7486 7366 8,385 740625 
2008 299 181 13651 8069 7321 8,423 776410 
2009 384 205 13390 9010 7957 9,091 764659 
2010 415 125 12628 12951 8864 9,791 821434 
2011 981 1103 10977 13013 9648 10,746 864920 
2012 811 550 11533 14138 10253 11,562 912261 
2013 623 392 13520 13527 10627 12,054 955260 





3.3 CO2 emission analysis 
 
Figure 3.1 shows CO2 emission increasing from 20Mtonne to 90Mtonne from 1992 to 2014 
with average 8 percent growth until 2009 and a rapid 20% increase from 2009 to 2010 returned 
back to a slow 2percent increase in CO2 emission 
 
In the early years of the study period major share of CO2 emission contributed by crude oil and 
natural gas generation amounting 77.13% of total emission, however towards the end of 
projected period increasing share of coal in Malaysian electricity generation as seen in Figure 
3.2 contributes to highest percentage of CO2 emission with 60.49% share in total CO2 emission 
from thermal power generation as shown in Figure 3.1. Figure 3.3 shows the fuel input to power 
stations. Despite the decrease in crude oil and diesel consumption, the consumption of natural 
gas and coal due to increasing electricity demand has influenced the increasing CO2 emission in 













Figure 3.3 Energy consumption by fuel type 
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3.4 Decomposition analysis 
 
Results obtained from the decomposition analysis by the help of the LMDI method in Section 
3.1 are is shown in Figure 3.4 and Table 3. The reduction of CO2 emissions is almost due to 
apparent improvements in electricity generation efficiency and thermal power structure 
effect.[26] However, the economic activity effect Δgdp is found to be the highest contributor to 
the increase of CO2 emissions from electricity generation in Malaysia which impacted a total 
increase of 37.63 MtCO2  throughout the year by year study period. The generation efficiency 









Table 3 complete decomposition of CO2 emissions change in Malaysia (Mtonne) 
Year ΔCcoef ΔCgef ΔCstruct ΔCtherm ΔCint ΔCgdp Δtot 
1992-1993 2.67 0.86 -0.47 0.17 1.32 1.65 6.20 
1993-1994 0.90 -0.95 -0.78 -0.61 0.58 1.70 0.85 
1994-1995 3.46 2.48 -0.54 0.76 1.22 2.01 9.40 
1995-1996 3.44 -4.97 -0.65 1.02 0.69 2.38 1.92 
1996-1997 0.14 8.13 -4.03 0.99 1.28 1.89 8.40 
1997-1998 2.39 -12.37 2.68 -1.62 3.47 -2.14 -7.60 
1998-1999 -0.72 0.40 -1.74 -1.04 0.35 1.70 -1.04 
1999-2000 2.38 1.81 0.17 0.44 -0.74 2.51 6.58 
2000-2001 2.00 -1.14 0.77 0.39 0.66 0.16 2.86 
2001-2002 4.34 1.71 1.59 1.24 -0.31 1.83 10.39 
2002-2003 -5.83 -5.65 -7.89 0.19 -0.03 1.90 -17.32 
2003-2004 0.16 -4.01 -0.25 -1.08 -0.58 2.06 -3.69 
2004-2005 4.31 4.41 4.07 0.08 -1.59 1.75 13.03 
2005-2006 1.65 -1.15 -0.77 -0.70 1.13 1.99 2.15 
2006-2007 0.75 -0.58 -2.91 0.63 0.72 2.31 0.92 
2007-2008 3.04 2.12 3.29 -0.42 -1.70 1.88 8.21 
2008-2009 0.67 1.00 -2.80 0.29 3.81 -0.63 2.34 
2009-2010 2.01 0.03 -2.61 1.45 0.11 3.07 4.05 
2010-2011 1.05 -3.14 -2.67 -0.36 1.82 2.26 -1.05 
2011-2012 0.15 -1.01 -2.59 -0.56 0.89 2.40 -0.72 
2012-2013 2.94 1.47 -5.89 -0.27 -0.20 2.14 0.19 





3.4.1 Emission Coefficient Factor 
 
This analysis shows that the emissions coefficient effect (ΔCcoef) increased the CO2 emissions 
in most years except 1998–1999, and 2002–2003. The accumulated (period-wise) effect leads to 
an increase of nearly 7 Mt of CO2 emissions as seen in Figure 3.5. However, the carbon 
emission factors of coal, gasoline, kerosene, diesel oil, fuel oil and natural gas etc., are assumed 








3.4.2 Electricity Structure Factor 
 
The next change factor that plays noticeable role in the CO2 emission is the change in the 
structure of thermal power generation (ΔCstruct). As illustrated in Figure 3.6, the major 
reduction of oil as fuel in thermal generation along with the shift to natural gas and coal has a 
big influence in the CO2 reduction in the early part of the study period from 1992-2000.  
However the increase of coal in the thermal share from 1997 to 2010 when 2 X 700 MW 
coal-fired power generation project by Jimah Energy Ventures Sdn. Bhd., at Negeri Sembilan 
[7] come on stream,  has a negative impact to the emission which resulted an increase of 8.5 
MtCO2 over the period of 13 years. The reduction in natural gas share in the thermal generation 
share in Malaysia in 2008 up to 2011 has influence the decrease of CO2 emission totaling up 
10.7Mt. Same trend is observed in 2011 up to 2014 with the decrease of oil and diesel share in 











Figure 3.7 Share of electricity generation based on fuel type in total thermal generation 
 
Throughout the study period it is observe that Malaysia has shifted from highly depending on 
major fossil fuel such as oil and diesel towards natural gas and coal towards the end of study 
period (Figure 3.7). This has a high impact on the CO2 emission in the electricity generation in 
Malaysia. In 2010 due to the drop in crude oil price the generation has increased briefly but later 






3.4.3 Electricity Generation Efficiency Factor 
 
During the study period, the electricity generation efficiency effect (ΔCgef) plays the dominant 
role in decreasing CO2 emissions in 1995-1996, 1997-1998, 2002-2004. As shown in Figure 3.8, 
there is an increase in generation efficiency of both natural gas, diesel and crude oil in the 
period between 1995 to 1997 which contributed to a decrease of 4.96MtCO2.  Same trend was 
observed in during 1997-1998 where natural gas efficiency has increased tremendously which 
influenced the mitigation of CO2 for a total of 12.3Mt. The electricity generation efficiency 
improvement has been due to a combination of factors including the closure of old inefficient 
plants, improvements in existing technologies, installation of new, more efficient technologies, 
often combined with a switch to fuels with a better generating efficiency, [27][28]such as from 
coal power plants to high-efficiency combined cycle gas-turbines (CCGT). However, the growth 
in the use of combined cycle gas turbine plants has been an important factor in the improving 
efficiency. Environmental regulation has also been important in encouraging improvements and 








However towards the end of study period the decreasing efficiency of diesel and oil generation 
(Figure 3.9) most likely due to old and inefficient diesel and MFO plant contributed to the 
increase in CO2 emission. The generation rate is the output over input ratio derived from the 















3.4.4 Electricity Thermal Structure Factor 
 
In the emission change effect is electricity thermal structure effect ΔCtherm another contributor 
to the emission change in electricity generation is the share of thermal generation in overall 
electricity generation as seen in a few years throughout the study period 1993-1994, 
1997-1998,2003-2004, 2005-2006,2007-2008 where there is a decrease in thermal generation 
share and increase in hydropower generations shown in Figure 3.10. The introduction of 
renewable energy into the share of electricity generation in Malaysia from 2011 onwards also 










As illustrated in Fig 3.11, the share of electricity generation in Malaysia has been majorly 
dominated by fossil fuel before the year 2000. However towards the years, there was an increase 
in the renewable energy including the hydropower which has positively contributed to the 
reduction of CO2 emission in the electricity generation in Malaysia and with a good and strong 
policy and investment, it is hoped that more integration of renewables will help to promote the 














3.4.5 Electricity Intensity Factor 
 
The results also show that the electricity intensity effect (ΔCint) increase the CO2 emissions in 
most years totaling 12.34 MtCO2 of emissions except 1999–2000 (Figure 3.12), the slow growth 
in the electricity generation despite the increasing GDP in 2003-2004 when the utilities and in 
particular, TNB, was under tremendous pressure to manage the increasing cost of supplying 
electricity. The global escalation in fuel cost especially oil and coal and the prices of 
metal-based product coupled with the high generation reserve margin situation and the high 
capacity payments to the Independent Power Producers (IPPs) contributed to the deteriorating 
financial position of TNB. Additionally in 2007-2008 where electricity demand contracted as a 
result of slow economic activities due to global financial crisis and the final two years in the 
study period from 2012 to 2014 (Figure 3.13). In a word, the electricity intensity effect plays the 























3.4.6 Economic activity Factor 
 
Throughout the study period it is observed that the increasing GDP prices due to growing 
economy in Malaysia has highly contributed to the emission of CO2 in electricity generation 
with exception in 1997-1998 where Asian economic crisis has impacted the Asian economy 
which lead to reduction of manufacturing hence the slow growth in CO2 emission (Figure 3.14) 
However the economy slowly picked up and the CO2 emission has increased again in the 
following year. On 2008-2009 the world economic crisis that impacted the dollar price which 
had been tied to Malaysian Ringgit also has a big impact to Malaysian economy hence the 
reduction in CO2 emissions of 630 ktCO2. The fall of crude oil prices has slowed down and 
promoted Malaysia to shift away to gas and coal due to competitive prices. The total emissions 









3.4.7 Comparison with the early years 
 
In comparison between the first five years and the last five years of the study period it is found 
that the contributing effect that has highly affected the emission of CO2 in the electricity 
generation in Malaysia are generation efficiency effect, thermal share generation effect and 
Electricity structure effect. As seen in Figure 3.15, The increasing generation efficiency in the 
late years of 2009 to 2014 has contributed to the decrease of 5MtCO2 while the shift towards 
natural gas and coal from generation from crude oil and diesel has the highest contribution 
which resulted a reduction of neat 10MtCO2 compared to early years of study period from 
1992-1997.  The integration of renewables and increasing share of hydropower has influence a 







Figure 3.15 Comparison of accumulative CO2 emission decomposition analysis from electricity 




3.5 Discussion and empirical findings 
 
The decomposition analysis has found that increasing CO2 emission from electricity generation 
was mainly contributed by the increasing economic activity which leads to higher consumption 
of electricity and energy from fossil fuel combustion. 
However from the six contributing factors it is found that there are three effects that highly 
influence the reduction of carbon dioxide emission in electricity generation.  
The first contributor is the thermal power structure factor which shown a tremendous reduction 
in emission trend thanks to the shift from crude oil and diesel generation to a less emitting fuel, 
natural gas and coal. The high share of natural gas has positively affected the decrease of CO2 
emission. However towards the recent years, the increasing share of coal combustion has a 
small negative impact to the emission trend. There is a need to promote into switching into more 
efficient fuel in terms of high efficiency combustion and cleaner coal or high efficient gas 
turbine plants to increase the mitigation of CO2 emission and to retire all diesel power plant and 
introduction of more solar pv plant with gas power plan as baseline [26]. 
The second contributor would be the generation efficiency factor , the improvement in the fuel 
efficiency in the thermal generation has positively decrease the CO2 emission and several 
efficiency improvement taken by the utility companies in Malaysia such as converting into 
higher efficient of coal and a efficient combine gas turbine plant has contributed a major 
decrease in emission trend. By increasing electricity efficiency, CO2 emission mitigation can be 
achieved with government target to reduce up to 40percent emission. 
The third contributor to the reduction of CO2 emission is the electricity structure effect which 
observed the integration of renewable energy and hydropower gives a good impact in the 
emission trend. Therefore more renewable energy such as solar PV generation is favourable 
towards reducing the emission in electricity generation in Malaysia. . Integration of renewable 
energy in term of Solar, biogas and biomass to receive full potential will positively affect the 
reduction of CO2 emission mitigation [28].  
 
From the analysis done in Chapter 3 it is found that there are a few measures are possible in 
order to reduce the CO2 emission such as improving the fuel efficiency in future electricity 
generation using fossil fuel combustion. Apart from that it is clear that the introduction of 
renewable energy as additional source of electricity generation has benefited the mitigation of 
CO2 emission and for a country that is blessed with abundant of solar irradiation all year long, 





Chapter 4. Solar PV system in Malaysia and its 
challenges 
 
4.1 Renewable Energy Policies and Development in 
Malaysia 
 
In order to address the dependency to fossil fuel as major resource for electricity generation the 
government of Malaysia has introduced a few policies and measures to ensure the increasing 
consumption is being met while attaining to the climate change mitigation such as reduction of 
CO2 emission. This chapter will discuss Malaysian current policies and development of the 
renewable energy in Malaysia and later on to focus on the current solar PV development and its 
future in Malaysia.  
 
In 2009, under the Tenth Malaysia Plan, Malaysia government has announce a new action plan 
called National Renewable Energy Policy and Action Plan (NREPAP) [7] with objectives to  
 
(i) Address the renewable energy market failure due due to the lack of a proper and effective 
regulatory framework in the renewable energy market; 
(ii) Provision of long-term sustainability by avoiding stop-start strategies, having sufficient 
outcomes and securing the commitment of all stakeholders in renewable energy sector; 
(iii) Providing a new growth industry in Malaysia; 
(iv) Recognising that the environment is an economic growth contributor, which can be 
leveraged to spur innovation; (as compared to invention); 
(v) Effectively diffuse RE technology, thereby improving on human capital and utilisation; and 
(vi) Avoid the incoherence of existing RE policy and the sending of mixed signals that affect 





In 2011 in order to support the NREPAP a national act has been introduced to the renewable 
energy sector to help provided proper guidelines and organize the renewable energy generation. 
The act, called Renewable Energy Act (RE Act) also became a platform where a new financial 
supporting measure , Feed in Tariff (FiT) system was introduced in order to ensure the viability 
of renewable energy and as an attractive rates for promoting the industries and also for 
individuals to invest in renewable energy development. FiT mechanism was implemented and 
carried out by Sustainable Energy Development Authority, Malaysia (SEDA Malaysia) under 
the authority of by Ministry of Energy, Green Technology and Water (KeTTHA). FiT is a 
policy described as a mechanism that allows RE producers to generate electricity from any RE 
resources by offering long-term contracts for the generated power to be sold to power utilities at 
a fixed premium price. The objectives of FiT mechanism are 
 
 
(i) To increase RE contribution in the national power generation mix; 
(ii) To facilitate the growth of the RE industry; 
(iii) To ensure reasonable RE generation mix; 
(iv) To conserve the environment for future; 







 Plan, renewable energy (RE) capacity is expected to reach 2,080 MW by 2020 
(Figure 4.1), contributing to 7.8% of total installed capacity in Peninsular Malaysia and Sabah. 
In the Eleventh Plan, focus will be on promoting new RE sources, enhancing capacity of RE 
personnel and implementing net energy metering to further intensify the development of RE. 
However the new target by The Energy, Green Technology and Water Ministry has been set 
recently to achieve its renewable energy (RE) generation of 30% nationwide within the next 
eight years with a target of 1250 MW of installed capacity for solar PV generation in 2020 and 














4.2 Solar PV development in Malaysia 
 
According to Renewable Energy Policy Network for the 21
st
 century (REN21) global status 
report 2017, the spotlight of renewable energy investments has continued to serve over solar 
power generation with main asset finance for large scale power plants or solar park and wind 
farm at USD 187.1 billion. [30] The solar PV installed capacity globally had shown a 
tremendous growth as reported by the International Energy Agency (IEA) illustrated in Figure 
4.2, the total global solar PV installed capacity has reached up to 303 GW, a huge increase 
compared to the early deployment years in 2006 with only 6 GW globally. It is also reported 
that by end of 2016 more than 24 countries had 1 GW or more of capacity led by Germany, 









As a close neighbor to Japan which market of solar PV was the world third largest in 2016 with 
total installed capacity of 42.8 GW, Malaysia has a lot to learn and catch up to in order to 
promote the installations of more large scale solar PV power plants aligning with the 
government target to increase renewable energy shares in the future.  
 
As of 2015, the solar PV installations in Malaysia have already shown a promising growth ever 
since the announcement of the renewable energy act and the introduction of Feed in Tariff 
mechanism. From only 31.56 MW in 2012 with more than 10 times increase by 2016 
accumulating up to 366 MW .With the recent target set by the Ministry of Energy, Green 
Technology and Water (KeTTHA), the current installed capacity has a lot to catch up and 










4.3 Identifying public and expert perspectives towards 
large scale solar PV system 
 
In order to identify public and experts perspectives towards large-scale solar PV system using 
analytic hierarchy process (AHP) method, a three-level hierarchy structure AHP model is 
developed in order to prioritize the weight of factors influencing the investment and installation 
of large scale solar PV system. The AHP model engages six main criteria financial, technology, 
political, social, environment and safety. This study analyses the AHP results for both Japan and 
Malaysian context and a comparative analysis is done to observe the public and experts view 
towards the system.  
 
In this analysis, AHP is applied to generate weight or ranking of the factors influencing the 
investment and installation of large scale solar PV system. Criteria and sub-criteria are 
developed for assessing the priorities from both experts and public point of view.  A 
questionnaire was made addressing the evaluation of the system using the pairwise comparison 
of each criteria and sub-criteria where inputs are received from Japanese and Malaysian experts 
in the areas of industry, universities, research institutes, and government officers, energy-related 
officials and public. The collected view is analyzed and rank of priorities is determined by all 
criteria and sub-criteria and a comparative analysis was done between the results. The results of 
the AHP process will represent the view of experts and public regarding the large scale solar PV 
system in Malaysia and Japan as well as an effective decision-making instrument for the 







A decision-making method to solve complex problems by generating weight and prioritizing 
rank of any operating units, called analytic hierarchy process was introduced by Saaty in 1977 
[1]. Such problem or goal is constructed into a structural model divided by hierarchies, 
decomposed and prioritized using the basic principles of AHP. This method allows 
decision-makers to investigate the different prioritization criteria in hierarchies efficiently. The 
outcome of the process is a best or prime choice, considering all the necessary objectives, 
criteria and alternatives in a single interrelated framework [38]. AHP process defines the 
priorities and ranks the weight at every level in the hierarchy using pairwise comparisons 
among criteria using a scaling ratio [39][40]. 
 
Analytic hierarchy process (AHP) has also been extensively used in the energy sector for multi 
perspective analysis. The reviewed literature highlights the use of AHP in energy sector for 
energy policy formulation, energy planning, power plant selection, power plant location 
selection, energy resource allocation, integrated resource planning, energy exploitation, 
controlling greenhouse gas (GHG) emissions, and developing energy management systems. 
Wang et al. (2009) presented a very detailed literature review that recommended that AHP is a 
powerful tool for decision making for sustainable energy systems. They also observed that the 
investment cost, CO2 emission, efficiency and job creation are the most common criteria for the 
selection and prioritization of sustainable energy alternatives from the economic, environmental, 
technical and social aspects (Wang et al., 2009). Kablan (2004) used AHP to prioritize policy 
instruments that encourage more energy conservation. Elkarmi and Mustafa (1993) used AHP 
for policy selection in order to increase utilization of solar energy technologies (SET) in Jordan. 
Daim et al. (2009) applied AHP approach to assess and prioritize an appropriate wind energy 
and clean coal technologies for the Pacific Northwest. Akash et al. (1999) developed an AHP 
model for the selection of an optimum electric power plant. AHP methodology has been applied 
to prioritize energy technologies for Korea in order to ensure long term energy efficiency, 
greenhouse gasses (GHG) emission control, and calculate national competiveness of Korea and 
other developed countries for the development of hydrogen energy technology . AHP was used 
for making site selection decisions of wind farms in China and for selection of wind observation 
location. There are a number of research done using the method of AHP [80-92]. 
 
 
It can be seen from the literature survey that AHP based decision models are widely used in the 
53 
 
energy and renewable energy sector. Therefore AHP is considered appropriate methodology for 
identifying the perspectives of public and experts towards large scale solar PV system in 
Malaysia.  
 
In order to address the weights of each element, pairwise comparison, hierarchical structures, 
and ratio scaling is used in AHP process. The goal is set and factors influencing the large scale 
solar PV system are broken down into criteria and sub-criteria (sub-factors) in the hierarchy. 
Once the criteria are constructed, a pilot survey for structuring the hierarchy model was done 
among experts and public and the elements in the hierarchy is re-evaluated based on collected 
feedback from the pilot survey [41]. Later the actual survey is conducted using pairwise 
comparison in a prepared questionnaire. Weights of each criteria and sub-criteria are aggregated 
in total and separated by experts and public category. Pairwise comparisons of each component 
are done using the scale illustrated in Table 4 [39]. Once the weights of the criteria calculated 
the consistency is checked using the consistency ratios (CR) of 0<CR≤0.1 and any value 
greater than 0.1 is considered as a non-consistent judgment 
 
The criteria and sub-criteria are structured as a hierarchy and broken down into several levels. 
The top level serves as the factors influencing the solar PV installation and investment and 
lower levels are sub-criteria that contribute to the main factors. The criteria weights are obtained 





Table 4 Pairwise comparison 
Description Scale of importance 
A has an equal importance compared to B 1 
A has a moderate importance compared to B 3 
A has a strong importance compared to B 5 
A has a very strong importance compared to B 7 
A has an extreme importance compared to B 9 
 
The criteria and sub-criteria are structured as a hierarchy and broken down into several levels. 
The top level serves as the factors influencing the solar PV installation and investment and 
lower levels are sub-criteria that contribute to the main factors. The criteria weights are obtained 
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The numerical weight 𝑊 is represented by  
 





























































 𝐴𝑋    𝑛𝑋                                                               (3)   
 
If aij represents the importance of alternative i over alternative j and aik represents the 
importance of alternative i over alternative k, aijaik must be equal to aik that is an estimate of the 





If matrix A is not a non-zero vector, there is a λ𝑚𝑎𝑥 of Aw = λ𝑚𝑎𝑥 which is the largest 
eigenvector of matrix A. If the pairwise comparison matrix is perfectly consistent, then λ = n 
and CR is 0. 
                                                                                                                                     
The n criteria in the same level are compared using Saaty‘s 1-to-9 scale. Pairwise comparison of 
matrix A is obtained based on the participants (decision maker) judgments. To check the 
judgment consistency, the ratio of Consistency Index (CI) to Random Index (RI) is measured to 
obtain the CR (Consistency Ratio) of matrix A. 
 
CR = CI/RI                                                              (4)                                                                                                       
where  
 
CI  λ𝑚𝑎𝑥 − 𝑛/ 𝑛 − 1                                                     (5)                                                                                                    
  
The RI (Random Index) shown in Table 5 is an experimental value which depends on n. If 
consistency ratio, CR≤ 0.1  , the evaluation within the matrix is considered acceptable. 
Inconsistent judgment is revised accordingly. If CR exceeds the 10% value then the assessment 
in matrix A should be reviewed 
 
Table 5 RI index 
𝑛 1 2 3 4 5 6 7 8 9 10 11 12 





4.3.2 AHP model structure 
 
The main objective of this analysis is to prioritize the factors influencing the integration of 
large-scale solar PV system in the national energy mix. The AHP model is structured into 3 level, 
goal, criteria, and sub-criteria. The model is structured (Figure 4.4) into goal, criteria, and 
sub-criteria which play as attributes to the main criteria . A questionnaire is built based on the 
model and participants are required to determine the importance of the factors based on the 
pairwise comparison scale as shown in Table 4. The survey is categorized into policy maker, 
energy-related officials, electricity utility company, industrial experts, solar PV manufacturer, 
solar PV provider, academician, and public.[72] Note that all experts are related to PV industry 
and energy in general. A total feedback of 134 participants (61 Japan, 73 Malaysia) was 









Figure 4.4 AHP model structure 
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Factors influencing investment and















4.3.3 AHP questionnaire 
 
The survey is categorized into policy maker, energy-related officials, electricity utility company, 
industrial experts, solar PV manufacturer, solar PV provider, academician, and public. As shown 
in Figure 4.5 - 4.7, a questionnaire is built using the constructed criterias and sub-criterias and 
used for the survey. The respondents are requested to compare between two criterias or 
subcriterias and mark according to the level they think most represent the important of each 
comparison to the number 1,3,7 and 9. 
 
 
Figure 4.5 AHP questionnaire sample 
  
Name Occupation
Example QE. Which criteria would influence your choice in daily retail shopping and how much important compared to the other criteria?
Criteria A Criteria B
Price 9 7 5 3 1 3 5 7 9 Brand
Example answers
Price 9 7 5 3 1 3 5 7 9 Brand If you think price is the most important aspect.
Price 9 7 5 3 1 3 5 7 9 Brand If you think price and brand has the same importance. 
Price 9 7 5 3 1 3 5 7 9 Brand If you think Brand is a little more important than price.
Price 9 7 5 3 1 3 5 7 9 Brand If you think Brand is a lot more important than price.
 Identifying the public and experts perspective towards the investment and installation
of Large scale solar PV system
The purpose of this research to identify the public and experts perspective towards the investment and
installation of Large scale solar PV system. This study is being conducted through University of Tsukuba.
This questionnaire asks about your personal opinion of the factors regarding the large scale solar pv system.
The outcome of this study may be published in journals or conference proceedings.  Your responses will not
be linked to you personally. Thank you for your cooperation.
Complete the pairwise comparison for each of the pairings that could influence the investment of Large
Scale Solar PV system.
How important is criteria A than criteria B that influence the investment? If Criteria A is more important
than criteria B, Please mark the scale number on the left. If Criteria B is more important than criteria A,






Figure 4.6 AHP survey Questionnaire (Q1-Q3) 
Criteria A Criteria B
Financial 9 7 5 3 1 3 5 7 9 Technology
Financial 9 7 5 3 1 3 5 7 9 Political
Financial 9 7 5 3 1 3 5 7 9 Environment
Financial 9 7 5 3 1 3 5 7 9 Social
Financial 9 7 5 3 1 3 5 7 9 Safety
Technology 9 7 5 3 1 3 5 7 9 Political
Technology 9 7 5 3 1 3 5 7 9 Environment
Technology 9 7 5 3 1 3 5 7 9 Social
Technology 9 7 5 3 1 3 5 7 9 Safety
Environment 9 7 5 3 1 3 5 7 9 Social
Environment 9 7 5 3 1 3 5 7 9 Safety
Social 9 7 5 3 1 3 5 7 9 Safety
Sub-Criteria A Sub-Criteria B
Initial cost 9 7 5 3 1 3 5 7 9 O&M cost
Initial cost 9 7 5 3 1 3 5 7 9 Electricity generation cost
Initial cost 9 7 5 3 1 3 5 7 9 Return rate
O&M cost 9 7 5 3 1 3 5 7 9 Electricity generation cost
O&M cost 9 7 5 3 1 3 5 7 9 Return rate
Electricity generation cost 9 7 5 3 1 3 5 7 9 Return rate
Sub-Criteria A Sub-Criteria B
PV Technology Maturity 9 7 5 3 1 3 5 7 9 Resources Available
PV Technology Maturity 9 7 5 3 1 3 5 7 9 System Efficiency
PV Technology Maturity 9 7 5 3 1 3 5 7 9 System Reliability
Resources Available 9 7 5 3 1 3 5 7 9 System Efficiency
Resources Available 9 7 5 3 1 3 5 7 9 System Reliability
System Efficiency 9 7 5 3 1 3 5 7 9 System Reliability
Q2. Which Financial sub-criteria would influence the investment in Large scale solar PV system and how much important 
compared to the other sub-criteria ?    
Evaluation
Q3. Which technology  sub-criteria would influence the investment in Large scale solar PV system and how much important 
compared to the other sub-criteria ?   
Evaluation
Evaluation
Q1. Which perspective that you think would influence the investment in Large scale solar PV system and how much important 





Figure 4.7 AHP survey Questionnaire (Q4-Q7) 
 
  
Sub-Criteria A Sub-Criteria B
National Energy Security 9 7 5 3 1 3 5 7 9 National Economic benefit
National Energy Security 9 7 5 3 1 3 5 7 9 International Economic Benefit
National Economic benefit 9 7 5 3 1 3 5 7 9 International Economic Benefit
Sub-Criteria A Sub-Criteria B
Job creation 9 7 5 3 1 3 5 7 9 Social Acceptance
Sub-Criteria A Criteria B
Fire Risk 9 7 5 3 1 3 5 7 9 Electrical Failure
Fire Risk 9 7 5 3 1 3 5 7 9 Grid instability
Electrical Failure 9 7 5 3 1 3 5 7 9 Grid instability
Sub-Criteria A Sub-Criteria B
Mitigation of CO2 emisiion 9 7 5 3 1 3 5 7 9 Eco-system (Negative Impact) 
- landslide , flood,  wildlife 
Mitigation of CO2 emisiion 9 7 5 3 1 3 5 7 9 Land Use
Negativ impact for the Eco-
system - landslide , flood,  
wildlife 
9 7 5 3 1 3 5 7 9 Land Use
Evaluation
Comments / remarks regarding the survey 
Q4. Which Political sub-criteria  would influence the government investment in Large scale solar PV system and how much 
important compared to the other  sub-criteria ?    
Evaluation
Q5. Which social sub-criteria would influence the investment in Large scale solar PV system and how much important  
compared to the other  sub-criteria?  
Evaluation
Q6. Which safety criteria is your concern  regarding  Large scale solar PV system  and  how much important  compared to the 
other  sub-criteria?  
Evaluation
Q7. Which environment sub-criteria is a concern regarding the installion of Large scale solar PV system and how much 
important  compared to the other  sub-criteria?  
60 
 
Each criteria and sub-criteria mentioned in the questionnaire are described as per Table 6. 
 
Table 6 Description of criteria and sub-criteria in AHP survey 
 
  
Fire Risk Potential fire risk occurred associated with large scale PV systems
Electrical Failure Possible power failure risk associated with large scale PV system
Grid stability The ability of national grid to supply electricity without interruptions
Environmental
CO2 emission mitigation
The amount of CO2 emission avoided from the installation of large scale solar PV 
systems
Impact on ecosystem 
The negative impact on ecosystem such as potential flood and landslide or habitat 
loss from the land use for solar PV plant 




Jobs created for production , installation and operation of large scale solar PV 
plant. 
Social Acceptance Public acceptances towards the installation of large scale solar PV in their area.
Political
National Energy Security The uninterrupted availability of national electricity energy at an affordable price
National Economic Benefit
Moneytary benefits received domesticly  resulted from the investment of large 
scale Solar PV system
International Economic 
benefit
Moneytary benefits received internationally resulted from the investment of large 
scale Solar PV system
Technology
Technology maturity Technology readiness level of large scale solar PV system
Available resources The available domestic resources  in installing a large scale solar PV system
System Reliability




Those program costs required beyond the development phase to introduce into 
operational of the solar PV plant. 
O&M cost The cost associated with operating and maintaining the solar PV plant
Electricity production cost
The cost ( includes initial , O&M and discount rate) to produce electricity from 
the solar PV plant
Return Rate
The profit on the investment for a solar PV plant over a period of time, expressed 
as a proportion of the original investment.
Description of criteria and Sub-criteria
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4.3.4 Public and expert perspectives towards investment 
and installation of large scale solar PV in Japan 
 
Figure 4.8 shows the weight distribution of main factors separated by experts and public 
category. It is noted that both experts and public have average large weight on financial aspect 
with solar PV provider counting more than 40% while solar PV manufacturer respondents give 
high weigh on safety aspect and also environmental factors totaling near to 60% likely due to 
the environmental requirements acquired in manufacturing solar modules. 
According to Figure 4.9, both public and experts are has highest concern on the return rate of a 
large scale solar PV investment contributing around 50% or more of the weights. As for political 
sub-criteria Figure 4.10 shows both public and experts agree on the importance of national 
economic benefit as the most influential factor in the investment and installation of large scale 
solar PV system. In the social sub-criteria, as shown in Figure 4.11 all Japanese respondents 
give highest concern towards public acceptance rounding an average of 60% of total weight 
compared to the number of possible jobs created for production, installation, and operation of 
large-scale solar power plant. On the other hand for policy makers agree that PV technology 
maturity is the most important aspect to consider for (government) investment as shown in 
Figure 4.12 Academician, industrial expert and solar PV provider (with high background 
knowledge of PV system) and utility companies prioritize more on resources available. Most 
respondents agree the international economic benefit was the least priority for the investment of 
large-scale solar PV. In the environmental sub-criteria, policy makers showed the highest 
concern on the land use for large scale solar PV instead of another beneficial project, while solar 
PV manufacturer prioritizes at CO2 emission mitigation as this is their business opportunity to 
produce more solar PV products. In the environment sub-criteria (Figure 4.13) policy makers 
showed 50% concern on the land use compared to CO2 emission mitigation and the impact of 
solar PV on the ecosystem while apart from academician and energy officials, the solar PV 
manufacturers appeared to have 0.45 weightage on the CO2 emission reduction as this is one 
their main drive for business, mitigating CO2 emission promotes more renewable energy 
alternatives hence higher production of solar PV products, modules and such. However, for 
safety sub-criteria (Figure 4.14), industrial experts have 0.58 weight on the fire risk due to broad 
exposure to the risk in the system compared to other respondents. Energy officials, utility 







Figure 4.8 The weight distribution of factors influencing investment and installation of large 





















































4.3.5 Public and expert perspectives towards investment 
and installation of large scale solar PV in Malaysia 
 
Figure 4.15 shows the result drawn from the collected surveys of public and experts in Malaysia. 
Both public and experts has concluded that the two main factors influencing the large scale solar 
PV system investment would be the financial and safety aspect with highest percentage of 
18.5% and 20.4% respectively. However academicians and Energy officials in Malaysia view 
that the political influence has the highest impact to the investments (with average 36% weight) 
due to the budget planning and management for renewable energy are managed by the ministry 
of Energy, Technology and Water in Malaysia (KeTTA). 
 
In the financial sub-criteria as shown in Figure 4.16, both industrial expert and solar provider 
agreed on the importance of financial support mechanism as this will impact the buying or FiT 
price of the generated electricity from solar PV generation. Out of three sub-criterias the 
financial support has an average of 45.3% .Academician and energy officials however have 
shown higher weights on the return rate with 51% weight.  
In the technology sub-criteria, most experts has chosen the resource available as the highest 
concern in influencing the installation and investment of large scale solar PV system where 38% 
weight are shown as illustrated in Figure 4.17. 
In the political sub-criteria (Figure 4.18), national economic benefit was deemed to be the most 
important influence by both experts and public this is due to the importance of improving the 
economy of Malaysia hence this will contribute to the growth of GDP and the domestic trade 
due to the increase of trading of solar PV modules manufactured all over Malaysia from 
installation of large scale plant. 
 
Both public and expert view large scale solar PV power plant as a source of job creation 
potential as seen in Figure 4.19 were the large weight of average 72.7% over social acceptance. 
However the policy makers on the other hand has shown higher weights on Social acceptance 
due to their nature of being aware of public perceptives and to always put public opinion as 
priority. As shown in Figure 4.20, both public and experts have shown high concern on grid 
stability in the safety sub-criteria. Lastly in the environmental sub-criteria, only the academician 
who has a high knowledge in CO2 emission mitigation put 68.4% weight, while the energy 
officials are more concern on the land use while policy makers on the other hand have put 67% 

















Figure 4.15 Weight distribution of factors influencing investment and installation of large scale 














































Figure 4.21 Weight distribution of environmental sub-criteria 
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4.3.6 Public and expert perspectives towards investment 
and installation of large scale solar PV; Malaysia-Japan 
in comparison 
 
Experts and public from Malaysia and Japan were consulted in this survey and a comparative 
analysis was done to observe overall perspectives from both country. There are few similarities 
in categories such as respondents from electrical utility companies from both Japan and 
Malaysia highlight more on national grid stability compared to other safety factors such as 
electrical failure and fire risk. In the social factors, both policy makers show higher importance 
towards public acceptance instead of job creation. However, there are a few differences 
observed between categories as illustrated in Fig. 4.22 where Malaysian policy makers rank 
high towards the impact on ecosystems such as potential flood and landslide or habitat loss from 
the land use for solar power plant [45]. The process of preparing a land for large scale PV 
system involves deforestation, with Malaysia facing a high rate of rainfall during monsoon 
season, the high occurrence of the flood in the northern part contributes concern towards 
environmental factors[47].  Another visible differences noticed from the result is the difference 
of priority from energy-related officials where Japanese energy officials has the highest priority 
on national economic benefit compared to Malaysian officials who are more concern about 
national energy security, the uninterrupted availability of national electricity energy at an 















Table 7 Final weight and rank of criteria and sub-criteria, Japan (J) – Malaysia (M) comparison 
 
  












Electricity generation cost 0.076 0.052 4 11 
 Return rate 0.151 0.062 1 8 
 Financial support mechanism 0.060 0.062 7 2 
Technology 
(0.106,0.146) 
PV technology maturity 0.020 0.040 17 17 
 Available resources 0.048 0.056 10 10 
 System efficiency 0.039 0.051 14 12 
Political 
(0.163,0.182) 
National Energy Security 0.061 0.069 6 5 
 National Economic Benefit 0.078 0.071 3 3 
 International Economic 
benefit 
0.025 0.043 16 16 
Social 
(0.110,0.112) 
Job creation 0.035 0.066 15 6 
 Social Acceptance 0.075 0.046 5 14 
Environmental CO2 emission mitigation  0.048 0.046 11 15 
(0.135,0.166) Impact on ecosystem 0.047 0.070 12 4 
 Land use 0.040 0.051 13 13 
Safety 
(0.197,0.205) 
Fire Risk 0.050 0.062 3 9 
 Electrical Failure 0.048 0.065 9 7 
 Grid stability 0.099 0.079 2 1 
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Table 7 shows the global weight of criteria and sub-criteria of Japan with comparison with 
Malaysia from both expert and public combined. From the projected weight, its is observed that 
the profit rate of large-scale solar PV system has a higher influence according to both Japan and 
public while in Malaysia grid stability is the main concern. Both countries agree on the least 
concern aspect, PV technology maturity as Japan a has already achieved high rate solar PV 
system installment throughout the years as well as Malaysia. However, the respondents from 
Malaysia is more concern about the environmental effect on the ecosystem as Malaysia is rich 
with forestry and the installment of large scale solar PV may have a bad impact on the 
ecosystem . Malaysian also have a high concern on the financial support mechanism as this 
large scale solar PV system is very costly and incentives are needed in order to promote 
installation of such system.[33] In the social factor, the results show different observable view 
by Malaysians and Japanese where respondents from Malaysia prioritize on job creation while 
those from Japan considers social acceptance is more important. The developing country such as 
Malaysia observes large scale solar system as opportunities to create more job to drive the 











Figure 4.25 Weight percentage comparison of main criteria between Malaysian and Japanese 
public 
 
As illustrated in Fig 4.24 it is observed that Malaysian policy makers hold higher concern  on 
the technology and environmental impact from the installation of large scale solar PV compared 
to Japanese policy makers. However an average 5 MW solar PV plant installed in Malaysia is 
able to reduce an average of 6.5ktCO2 anually relatively much higher compared to the mere 
2.6tCO2 sequestered from the total area for the installation of such plant. This would present as 
a good contribution to Malaysia‘s voluntary target of mitigating greenhouse gases emission 
intensity by up to 40% in the year 2020. On the other hand as illustrated in Fig 4.25 Malaysian 
public is more concern on the safety criteria compare to Japanese public as a large scale solar 




4.4 Discussion and empirical findings 
 
The use of AHP to in the prioritization process of to observe the expert and public perspectives 
towards large scale solar PV system is illustrated in this research using the case study of both 
Japan and Malaysia. The highest influence for investment and installation of solar PV in Japan 
was financial (28.7%), followed by safety (19.7%) and political factors (16.3%). The 
developing country Malaysia, on the other hand, has safety as the highest influence factor 
(20.5%), followed by financial and political factors, 18.5% and 18.2% respectively. The analysis 
also observes the sub-factors with the highest importance for Japan was profit on the investment 
for a solar power plant over a period of time followed by grid stability and fire risk. However, 
for Malaysia, grid stability was the most important factor to be considered before an investment 
and installation of large scale PV system and both experts and public agrees on the importance 
of a good financial support mechanism in order to support the deployment of the expensive 
system. It is also observed that Malaysian view the installation of large scale solar PV system as 
an opportunity of job creation in contrary to Japanese perspectives which gives highest concern 
about the public acceptance towards large-scale solar PV system [51]. The AHP method is 
mathematically established and it filtered out any incoherent judgments. The analysis in this 
research may be beneficial to the decision maker in general as well as investors or operators in 
solar PV industries. 
 
It can be concluded in Chapter 4 that Malaysian view one of the high concern influencing the 
investment and installation of large scale solar PV would be the need of a good financial support 
mechanism due to the high capital and operation cost needed. It is important to look into the 
current financial support mechanism for renewable energy offered by Malaysia government in 
order to find any potential improvements in order to promote more installation of large scale 
solar PV system and attract for potential solar PV power producers while increasing the 
installed capacity to meet government target in Renewable energy as one of the measure for 






Chapter 5. Analysis of financial support 
mechanism for renewable energy in Malaysia 
 
In the previous chapter it is noted that majority of Malaysian public and expert has expressed 
their biggest concern in the investment and installation of large scale solar PV was the Financial 
expect where the main interest would be the financial support mechanism due to the high capital 
cost correlated to any deployment of the system. It is important to observe the current financial 
support mechanism and how does it applies to Malaysian consumers in terms of the effect to the 
electricity rates and consumption to find any room of improvements. 
 
5.1 Feed in Tariff (FiT) scheme 
 
In 2011, the Ministry of Energy, Green Technology and Water Malaysia, through the Renewable 
Energy Act (RE Act) has introduced the new financial support mechanism, Feed in tariff to aid 
in promoting new integration of renewable energy in Malaysian energy mix towards achieving 
government voluntarily pledge to reduce up to 40% carbon dioxide emission in 2020.  
 
The FiT system, managed and regulated by a semi government agency appointed under the 
ministry, Sustainable Energy Development Agency (SEDA) are a scheme where Distribution 
Licencees, which are the utility companies that own the licence in distributing electricity are 
compelled to buy the electricity generated using renewable sources by the Feed in Approval 
holders at a specific FiT rate which differs depending on the installed capacity and generation 
[7]. The electricity paid is to be supplied to Malaysian grid for a duration differentiated by type 
of energy, 16 years for biomas and biogas and 21 years for small hydropower for solar PV 
system.[9] 
 
This support mechanism system is designed to make sure the renewable energy generation is 
attractive to both private sectors and individuals investing in the area while helping to promote 




According to SEDA (2012), the FiT mechanism has proven able to  
 
(i) Rapidly lessen the cost of capital investment for the renewable energy project deployment 
compared to other supporting mechanism. 
 
(ii) Advocate a healthy competition among renewable energy producers in term or pricing and 
improve the market condition towards sustainable energy production.   
 
(iii) Promote growth in renewable energy industries as well as the research and development in 
the sector expanding the industry to a more established sector. 
 
 
However, according to REN21 (2016) many countries are transitioning away from FiT to 
tendering and Malaysia is also considering into net metering for renewable energy production. 
There is a concern that the shift might affect the slowdown of the deployment of new projects 
[30]. 
 
With the rising electricity tariff in Malaysia, it is important to regard how is the current rate of 




5.2 Feed in Tariff impact to Malaysian consumers 
 
According to the current Feed in tariff scheme Malaysian customers living in Peninsular 
Malaysia and Sabah are required by the Tenaga Nasional Berhad and Sabah Electricity Sdn Bhd 
to pay a 1.6% surcharge from their monthly bills which will goes to the Renewable Eergy Fund 
and this will used to fund the pay for the Feed in tariff holders for the generated electricity from 
renewable energy sources. [9] 
However the policy does not include the consumers with low consumption of electricity below 
300kW permonth. The more consumed the more one has to pay for the renewable energy fund 
as the 1.6% is calculated from the total consumption as the more consumed electricity the more 
pollution contributed to the environment.  
 
Table 8 shows the electricity tariff for domestic consumption effective from 2014. In figure 5.1, 
the percentage of the surcharge categorized by the amount of consumption is shown, where 
consumers with less than 300kW of usage with not acquired to pay for the renewable energy 
fund and for consumers more than 301kW usage and above with automatically applied the 1.6% 
surcharge from their total bill. The maximum amount contributed per household with 
301-600kWh is MYR 4.90 while the minimum amount is MYR 2.48 and the minimum amout 
payable by the customer with the highest category of consumption is MYR 8.24. However 63% 
of Malaysian electricity consumers are consumers in the category of 300kW and below. This 
means the FiT rate a paid by a customer with higher consumption only and the higher 
consumption, the higher total payment to the renewable energy fund as shown in Figure 5.2. 
 
Table 8 Domestic electricity tariff in Malaysia (Tenaga Nasional Berhad, 2014) 
 
Usage sen/kWh 
For the first 200 kWh (1 - 200 kWh) per month 21.8 
For the next 100 kWh (201 - 300 kWh) per month 33.4 
For the next 300 kWh (301 - 600 kWh) per month 51.6 
For the next 300 kWh (601 - 900 kWh) per month 54.6 






Figure 5.1 Percentage of surcharge in payable to the feed in tariff scheme categorized by 
electricity consumption in domestic consumers 
 
 
Figure 5.2 Amount contributed to feed in tariff scheme categorized by electricity consumption 




5.3 FiT progress; a comparison with Thailand 
 
After only one year of its implementation, significant installations of renewable technology are 
recorded. The FiT scheme has attracted a significant amount of investment from local and 
foreign investors. However, there are some issues that need to be addressed by SEDA. The 
bottle neck in increasing the quota is the RE fund. Currently, the fund is financed by a 1.6% 
hike in consumer bills (only applicable to consumers that consume more than 300 kW h per 
month). Although another increase in the electricity bill is possible (but not desirable), one 
alternative would be to engage the power producers in Malaysia to contribute to the RE fund. 
[33]  
In this subchapter the progress of FiT scheme is evaluated in comparison with Thailand as 
Malaysia and Thailand are among of the first countries in ASEAN to introduce a form of FiT 
incentive policy to accelerate RE growth.[34] The degression ratio of FiT rates of both countries 
are observed along with the cumulative installed capacity of solar PV system throughout the 
years once FiT rates are introduced.  
It is noted that after four years of introduction of FiT, as shown in Figure 5.3, the installed 
capacity of solar PV in Malaysia has experienced a slow growth due to the limitation of quota 
and the rapid degression of Fit rate with 43% reduction by only 4 years of the scheme 
deployment. Thailand on the other hand may had much a lower Fit rate compared to Malaysia 
but has been trying to maintain the price by only reducing 10% of the original introductory rate 
which has resulted a promising growth in the installation of solar PV system. Malaysian FiT rate 
had been reduced aggressively from USD 0.24 in 2012 to USD 0.14 in 2015 while Thailand has 
been steadily decline at a slower ratio from 0.19 to 0.18 and the rate has maintained for two 
years. Parallel with the decline the cumulative installed capacity of Thailand had been 
exponentially increasing since the introduction of FiT from 834 MW in the introductory year of 
FiT in exchange with its previous adder scheme, to a significant 2021 MW in 2015, while 
Malaysia experienced a slower growth in its installed capacity from 31 MW in 2012 to 291 MW 










5.4 Discussion and empirical findings 
 
The electricity consumers in Malaysia are currently paying extra 1.6 percent of their mothly bill 
for the fund which will used in the feed in tariff scheme. This is not really a burden for 47% of 
Malaysian consumers who consume more than 300kW of electricity monthly therefore there is a 
possibility to lower the percentage of surcharge but to apply to a large crowd of consumers. The 
maximum amount contributed per household with 301-600kWh is MYR 4.90 the minimum 
amount payable by the customer with the highest category of consumption of more than 
901kWh is MYR 8.24. However with the increase in the electricity tariff over the years and 
forecasted to further increase this will give a drawback to the consumers should the electricity 
rate increase again. [53] 
Another solution is to require the FiT approval holders or the renewable generators to also give 
a contribution to the fund with some incentives of tax exemption for each contribution.[33] This 
has been a practice in the western countries such as European countries and may benefit the 
future of renewable energy production and promote growth in the development of large scale 
solar PV system.  As compared with Thailand in Chapter 4, a proper degression ratio should be 
considered to help boost more interest in the investment of large scale solar PV. 
The Malaysian government may also provide an attractive financing options such as tax 
exemption or incentives from the government annual budget as another financial support to the 
installation of large scale solar PV.[59] This will promote more participation from renewable 
energy producers as the high capital cost of the plants has always been the major drawback in 
the renewable energy industry. 
The Feed in Tariff scheme is now only applies to peninsular Malaysia and Sabah while the one 
state in island of Borneo, Sarawak is not included. Sarawak has a vast amount of unexplored 
hydropower, biogas and biomass potential and mass land to be tapped for large scale solar PV 
plants therefore to include Sarawak would be a major advantage to the renewable energy fund 
and renewable energy industry in general.   
The analysis has observed the slow growth of solar PV installed capacity in Malaysia for only 
250 MW from 2012 to 2015 due to the limitation of quota and the rapid degression of Fit rate 
with 43% reduction by only 4 years of the scheme deployment compared to Thailand with a 
more gradual degression rate with only 10% reduction, the cumulative installed capacity had 





Chapter 4 has discussed how the current Feed in Tariff rate impact to Malaysian customer and it 
found that an increase of surcharge is possible or to widen the category of Malaysian consumers 
that are eligible to pay for the renewable energy fund. The financial analysis also found that the 
current degression ratio is less attractive compared to its neighbouring country Thailand and this 
has indirectly impacted the growth in the installation capacity over the years. The next step is to 
dig further into the FiT scheme by conducting a feasibility analysis of large scale solar PV 





Chapter 6. Feasibility analysis of large scale 
solar PV in Malaysia; the potential 
 
Since we have concluded that the integration of renewable energy highly contributes to the 
decrease of carbon dioxide emission in electricity generation in Malaysia in Chapter 3 through 
the decomposition analysis, and the high concern of financial support of renewable energy 
production, it is important to study the potential in deploying large scale solar PV in Malaysia. 
Malaysia with abundance solar irradiation throughout the year is a strategic place to invest in 
solar PV generation.  
 
With the rising demand in all three region peninsular Malaysia, Sabah and Sarawak , it is a 
waste to not uncover all the potential that Malaysia have to install large scale solar PV in 
exchange of fossil fuel combustion. Although it might still be impossible to fully generate 
electricity from renewable resource [140] any potential alternatives should be taken full 
advantage off in order to help achieve Malaysia mission to reduce CO2 emission as well as 
building a more sustainable future. 
 
6.1 National analysis 
 
Using global solar radiation (GSR) and sunshine duration (SSD) data from major cities in 
Malaysia, this chapter explores the viability of solar PV as an electricity generation source for 
Malaysia employing a proposed 5 MW grid-connected solar PV power plant, analysis of 
electricity production and economic feasibility of which have been performed utilizing the 
RetScreen software. Note that the feasibility analysis also done in Sarawak to seek potential 





In order to investigate the potential of large scale solar PV generation in Malaysia, a feasibility 
analysis for a hypothetical 5 MW solar power plant is performed using RETScreen Clean 
Energy Project Analysis by RETScreen version 4.0 software.  RETScreen simulation software 
has been used in many studies for assessing the viability of solar photovoltaic as an electricity 
generation source; as it was used for calculating the technical potential of gird-connected solar 
PV in Bangladesh. The mean annual electricity generation of the proposed system was 1729 
MWh. Also a minimum of 1423 tons of greenhouse gas emissions could be avoided annually 
utilizing the proposed system at any part of that country [116]. Also the potential for a 10 MW 
photovoltaic power plant in Abu Dhabi was examined using RETScreen modeling software; 
which the initial results showed high energy production potential, generating 24 GWh and 
saving over 10,000 tons of GHG emissions annually [117]. 
 
In another study the feasible sites in Egypt to build a 10 MW PV-grid connected power plant 
was evaluated from techno-economical and environmental points of view by using RETScreen. 
The financial analysis ensured a good profitability of PV power plant for all the considered sites 
in Egypt. The environmental impact of such projects was evaluated through GHG emission 
analysis which showed that the use of PV power plants reduce an average 12,991.1 ton CO2 
emission to the environment. Also the average energy production and capacity factor all over 
the sites were found to be 26.35 GWh/year and 30.09%, respectively [118]. 
 
Ho Lee et all compares the tools for analyzing viability of hypothetical renewable projects 
which consist Homer, RetScreen and Transys as shown in Table 9. While Homer and Trnsys are 
too for thermal and electrical renewable generation, Retscreen is a more user friendly option 





Table 9 Comparison of feasibility analysis software tools 
 
 HOMER RETScreem TRNSYS 
Developer NREL,USA NRC, CANADA Univ of Wisconsin, 
USA 
Time Scale Hourly Monthly Hourly 
System Mainly electrical 
systems 
Electrical and thermal 
systems 
Electrical and thermal 
systems 
Optimization Available Not Available Available 




Detailed analysis and 
design 
 
Therefore, in order to evaluate the financial feasibility of a project RETScreen makes a 
comparison between a proposed project and a base-case project. The proposed project usually 
implements a renewable technology, and the base case generally relies on a conventional 
technology. RETScreen compares the incremental benefits and costs of the proposed project 
versus the base-case project. There are a number of different steps in a RETScreen analysis of a 
power project [123-128]. 
 
In this analysis, technical analysis is performed to calculate the energy production, financial 
analysis to measure the rate of return and payback time, and GHG emission analysis is done to 
measure the amount of emission mitigated by the proposed plant. The long-term meteorological 
parameters for various sites in Malaysia will  
be assessed from NASA renewable energy resource website (Surface meteorology and Solar 
Energy).  
The proposed solar PV power plant – which is a grid-connected system with 5 MW installed 
capacity – consists of 15625 unit one axis tracking modules [131] with a total area of 30,506 m2. 
The slope and azimuth angle was taken as zero for all the studied sites. Table 11 shows the 
module‘s specifications. The financial assumptions for this plant are presented in Table 12. The 
initial cost for the plant is assumed as MYR 40 million with operation and maintenance cost 
MYR 100,000 while the inflation rate is taken as 3%. The rate of electricity sold to the grid is 








As shown in Figure 6.1, the solar radiation and energy delivered by PV array and the the 













delivered by PV array
Calculate solar radiation









Table 10 Feed in Tariff rate for Solar PV (Non-Individual) 
 
Installed Capacity Fit Rates (RM per KWh) 
Up to and including 4kW 0.8249 
above 4kW and up to and including 24kW 0.8048 
above 24kW and up to and including 72kW 0.6139 
above 72kW and up to and including 1 MW 0.593 
above 1 MW and up to 10 MW 0.4651 
above 10 MW and up to and including 30 MW 0.4162 
 




PV module type 
JA Solar 
Poly-Si 
Module number JAP672-320/4BB 
Module efficiency 16.51% 
Dimensions 1956mm x 001mm x 45mm 
Maximum System Voltage DC1000V 
Operating Temperature -40°C ～ 85°C 





Table 12 Financial Assumptions 
 
Initial cost MYR 40, 000, 000 
O&M cost MYR 100,000 
Feed-in Tariff MYR 465/MWh 
Project life 21 years 





6.1.2 Technical analysis; annual electricity production 
 
Energy production assessment is performed in the Energy Model sheet of RETScreen which 
requires input of project location, photovoltaic module type, solar tracking mode, miscellaneous 
losses of array and inverter. Malaysia receives annual average daily solar insolation of 5.1 kWh/ 
m2/day on horizontal surface, a one axis tracking surface receives 7 kWh/m2/day (Figure 6.2). 
Figure 6.3 shows the map of Malaysian solar irradiation. Malaysia has an annual average 
ambient temperature of 26.2
 o
C. This implies that an appreciably large proportion of incident 










Figure 6.3 Map of Malaysia average monthly solar radiation 
 
From the proposed 5 MW solar PV plant in various location in Malaysia, as illustrated in Figure 
6.4, it is projected that the annual electricity production is estimated to be at an average of 
8.94GWh annually with state of Kelantan located in the north of Malaysia with the highest 
production 9.7 GWh/year and the lowest production in Johor the southest of Malaysia with 
8.0GWh in a year. It is noted that the north part of Peninsular Malaysia has a higher solar 
radiation hence the high annual electricity generated estimated in 5 states Terengganu, Kelantan, 
Perlis, Kedah and Pulau Pinang. In addition the East-Malaysia states, Sabah and Sarawak also 
has a high potential of high production from the proposed 5 MW solar PV plant. 
 
 
Figure 6.4 Projected annual electricity production of major cities in Malaysia  
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Figure 6.5 shows the installed capacity and maximum demand in peninsular Malaysia. [7] It is 
noted that the total generation capacity has increase from merely 500 MW in early 90s to nearly 
25GW in the 2015. With the projected generation from the proposed 5 MW plant, the baseload 











6.1.3 Financial analysis; Internal Rate of Return (IRR) 
 
RETScreen‘s financial analysis calculates the benefits of the electricity produced and the costs 
of the PV power plant. These estimates are then used to show financial statistics, like net 
present value (NPV), simple payback period (SPP), and internal rate of return (IRR) of the 
project. The cost estimate is made up of the initial costs and annual costs. Numerous studies and 
reports were consulted to develop estimates of these costs as the economics of photovoltaics are 
constantly changing and differ around the world. [135] The internal rate of return (IRR) is used 
by organizations interested in a project by comparing the internal rate of return to its required 
rate of return (often, the cost of capital). If the internal rate of return is equal to or greater than 
the required rate of return of the organization, then the project will likely be considered 
financially acceptable (assuming equal risk).[136] If it is less than the required rate of return, the 
project is typically rejected. The IRR is calculated on a nominal basis that is including inflation. 
The IRR-equity is also referred to as return on investment, while IRR-assets is also referred to 
as the return on assets. The feasibility study, development, and engineering estimated the 
highest IRR of the proposed 5 MW plants to be average 8.1% with the highest in Kelantan 9.1% 











6.1.4 Financial analysis; Simple Payback 
 
The RETScreen model calculates the equity payback, which represents the length of time that it 
takes for the owner of a project to recoup its own initial investment (equity) out of the project 
cash flows generated. The equity payback considers project cash flows from its inception as 
well as the leverage (level of debt) of the project, which makes it a better time indicator of the 
project merits than the simple payback. [137] The equity payback was referred to ‗‗year to- 
positive cash flow‘‘.  
Based on the calculation the simple payback period for proposed 5 MW plant in peninsular 
Malaysia is estimated to be 9.9 years and the faster payback period is in Kelantan with 9 years 
payback period while the longest is Johor for close to 11 years (Figure 6.7). 
 
 




6.1.5 Environmental analysis; CO2 emission mitigation 
 
Significant amount of GHG are reduced by installing PV power plants of replacement of 
conventional generation y solar electricity generation. Based on Figure 6.8, the maximum value 
f GHG reduction is 7058 tCO2 occurs at Kelantan, its minimum value is 5891 tCO2 occurs at 
Johor and average value is 6470 tCO2. Similarly, the maximum number of not consumed crude 
oil barrels is 16414, its minimum value is 13,700 and its average value is 15,109 crude oil 
barrels. Therefore, with an abundance of unexplored site in Kelantan offers the best 
environment from the point of view of techno-economical feasibility, and GHG reduction for 
installing the considered 5 MW grid-connected PV power plant 
 
 





6.2 Regional analysis; the case of Sabah 
 
As we already analyse the potential of large scale solar PV in Malaysia in the last subchapter, 
lets take a look at a regional view, in this case in the state of Sabah, which located in the Borneo 
island. Sabah is included in the feed in tariff scheme and there is a huge land available 
throughout Sabah untapped for the large scale solar PV and the generation mix in Sabah is still 
filled partially with diesel and marine fuel oil MFO power plants which contribute to high 
emission of carbon dioxide, [67] therefore by tapping the potential in Sabah there is a promising 
advantage in the renewable energy generation in Malaysia which can contribute more to 
emission mitigation. This subchapter will investigate the potentials of installing 5 MW solar PV 
plants in the state of Sabah according to feed in tariff incentives and its financial and 
environmental assessment in order to promote large scale solar PV in Malaysia. This paper 
calculates the economic viability through IRR and simple payback indicators and the 
environmental impact through CO2 emission reduction indicator for the proposed 5 MW plant. 
 
6.2.1 Background of Sabah 
 
Sabah is a state in Malaysia located on the island of Borneo next to Sarawak as shown in Fig 1.1 
With population of more than 3.5 million, Sabah is known for its maturing economy of local 
tourism and natural produces such timber and palm oil.[2] The growing economy of Sabah has 
driven an increasing energy as well as electricity demand. However, Sabah is now facing a 
dilemma where high occurrence of power shortage is experienced throughout the state.  As of 
2015 Sabah total generation mix is primarily fuelled by gas 76%, followed by diesel/MFO 15%, 
hydro 6% and biomass/biogas 3% figure 6.9. According to Sabah Electricity Sdn Bhd (SESB), 
Sabah electricity demand is increasing at over 7% per year and forecasted to continue growing 
alongside the rise of GDP. However, much of Sabah‘s existing capacity is in the form of aging, 
expensive, and unstable diesel plants. Figure 6.10 shows sabah installed capacity and maximum 
demand. The east coast of Sabah, almost wholly relies on these diesel plants shown in figure 
6.11 and the high occurrence of outages may affect the economy as well as the utility company 
financially. In order to meet the growing demand, Sabah‘s electric utility—Sabah Electricity 
Sdn. Bhd (SESB) is planning to expand the generation capacity over the next 10 years, and 
phases out some MFO plants from the overall mix. Total generation from diesel by SESB in 
2014 accounts for of 488GWh and SESB is still dealing with the issue of lack of generation 
capacity to meet the growth in electricity demand. Sabah electricity demand is forecasted to 
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grow at a rate of 5.8% throughout the coming years. Sabah has an increasing installed capacity 
of electricity generation throughout the recent years since 2012, although this already covers the 
maximum demand in the state the generation are highly derived from fossil fuel especially coal 
therefore integration of renewable energy such as large scale solar PV in exchange of these 














Figure 6.10 Sabah installed capacity and maximum demand 
 
 




6.2.2 Defining Scenario 
 
To estimate the amount of carbon dioxide emissions avoided, the RETScreen predictions of the 
energy production of the PV plant are used to estimate the amount by which energy production 
from all the diesel plants in Sabah could decrease over the period of 10 years.[78]  Annual 
emissions data obtained from the power plant are used to estimate the air pollutant emissions 
avoided when a portion of the diesel plants‘ energy production is replaced with PV energy based 
on 2 scenarios; 
 
Scenario 1 (S1): proposed one 5 MW solar PV plant for each diesel plant in Sabah  
 
Scenario 2 (S2): proposed 5 MW solar PV plants to cover for 2025 electricity production from 
diesel 
 
6.2.3 Sabah technical analysis; Electricity production 
 
The annual amount of electricity generation, which is the amount of equivalent DC electrical 
energy actually delivered by the proposed grid-connected 5 MW solar PV power plant to the 
utility, [96] was calculated for all the 8 locations, with all plants located within 1.5km radius 
from main substation or grid to minimize transmission and distribution loss. [101] The results 
are exhibited in Figure 6.12. The highest production was obtained from Tawau, Tenom, Beufort, 
and Papar power plants. Their production was close to each other, and equal to 8.876, 8.851, and 
8.852 and 8.857 GWh/year respectively. The average electricity production for the proposed 5 




Figure 6.13 shows Sabah generation forecast of diesel power plants in ten years whereby the 
diesel power plants will slowly be reduced and replaced with electricity generation from natural 
gas power plants. This forecast is plotted together with the two proposed scenarios for large 









As illustrated in Figure 6.13, in Scenario 1, a single power plant in Sabah would be able to 
export at least 7.5 GWh of electricity annually. Sabah utility company forecasted by 2025 total 
of 194.94 GWh of diesel generation is still needed to accommodate the demand and will be 
retiring several diesel and MFO power plants by then [118]. Therefore in comparison with this 
forecast with average of 8377 MWh of electricity production annually, approximately 24 of 










6.2.4 Sabah financial analysis; Internal Rate of Return 
(IRR) 
 
Retscreen software calculated the Pre-tax IRR (internal rate of return) and simple payback. The 
internal rate of return IRR is the discount rate that causes the Net Present Value (NPV) of the 
project to be zero. The pre-tax IRR was calculated using pre-tax cash flows, while the after-tax 
IRR was calculated using the after tax cash flows.[126] In this chapter the pre-tax IRR and the 
simple payback is calculated for each proposed solar PV plant (Figure 6.14). From the financial 
analysis, it can also be found the average of 9.8% IRR was observed. A proposed 5 MW solar 
PV plant was calculated will take average of 9 years for the cash flow to equal the total 



























6.2.5 Sabah Financial analysis; Simple Payback 
 
The figure 6.15 illustrates the cash flow for the proposed 5 MW solar PV power plant in Sabah. 
The cumulative cash flows shows the promising payback in 9 years from the start of investment 
and the total duration was calculated according to the duration allowed for feed in tariff rate in 
the calculation.  By the end of duration of FIT rate the project would able to get a cash back of 












6.2.6 Sabah environmental analysis; CO2 emission 
mitigation 
 
Fossil fuel power generation has a high CO2 emission especially those from oil combustions. 
The application of the renewable energy such as solar power plant can reduce the greenhouse 
gas emission such as CO2, CH4 and N2O. Although there is a plan of reduction in diesel power 
plants in Sabah, the current existing plants may contribute an amount of CO2 therefore by 
replacing these diesel plants with large scale solar PV emission mitigation can be 
achieved.[141] As shown in Figure 6.16, in Scenario 1 where one solar PV plant with capacity 
of 5 MW electricity generation, annually this can reduce the CO2 emission from the diesel plant 
for 260kTCO2.On the other hand in Scenario 2 where all the electricity generation from diesel 
power plants in another 10 years be replaced by Solar PV plants, the amount of CO2 emission 






Figure 6.16 Projected CO2 emissions from diesel and the amount of CO2 mitigated by proposed 
solar PV plants in Sabah over 10 years 
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6.3 Financial analysis and comparison with Thai and 
Japan FiT degression ratio: a case of Kelantan. 
 
The progress of Malaysian finance support mechanism for renewable energy has been discussed 
in the Chapter 5, as concluded in the last subchapter in comparison with Thai progress in its 
installed capacity of solar PV system as per compared with Malaysia, the installed capacity has 
been promising partly due to the small degression of its feed in tariff rate over the years. As 
addition to the feasibility analysis done in this chapter, a financial analysis is conducted to 
observe the change in the income, return of rate and payback years should Malaysian FiT rate 
reduced at similar degression ratio as per its neighbouring country Thailand and to Japan, a 
country with more established solar PV system and higher cumulated installed capacity. 
The initial FiT rate used is the same rate in 2012 and the the rate is reduced according to the 
degression ratio of Thai and Japan and financial analysis is done using RETscreen using 
Kelantan as the location of the proposed solar PV system , where Internal rate of return, simple 
payback and annual income receivable are observed and compared. Table 13 shows the 
projected FiT using Thailand and Japan degression ratio with Malaysian 2012 FiT rate as base 
year. 
 
Table 13 Projected FiT rate using 2012 as base year 
Year 2012 2013 2014 2015 2016 
Malaysia current FiT rate 0.95 0.76 0.68 0.55 0.47 
Projected FiT rate using Thailand degression ratio 0.95 0.88 0.88 0.88 0.84 





As illustrated in Table 14 and Figure 6.17, with the current degression rate announced by the 
government, the internal rate of IRR has reduced from a lucrative 22.5% in the first introduction 
of FiT rate in 2012, to 15.6% in 2014 and further reduced to merely 9.3% by the recent 2016 
rate. As compared to Thailand, the IRR is able to maintain to 20.7% over the recent years 
following their slow degression of FiT rate. The IRR calculated with degression rate of Japan, 
has a more promising value as from 17.4% in 2014 to 12.3% in 2016. 
 
Table 14 Internal rate of return value for proposed 5 MW solar PV plant in Kelantan under 
current, Thailand and Japan degression ratio 
 
Year 
IRR under current 
degression ratio 
IRR under Thailand 
degression ratio 
IRR under Japan 
degression ratio 
2012 22.5% 22.5% 22.5% 
2013 17.6% 20.7% 20.0% 
2014 15.6% 20.7% 17.4% 
2015 11.8% 20.7% 15.5% 




Figure 6.17 Projected internal rate of return (IRR) 
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On other hand the payback years for the proposed PV plant is shown in Table 15 and Figure 
6.18). It is found that the payback years had increased from 4.4 years to 9.1 years in 2016 FiT 
rate. With the same degression rate of Thailand the payback years is lower 5 years and Japan 
with 7.4 years.   
 
 
Table 15 Payback years for proposed 5 MW solar PV plant in Kelantan under current, Thailand 
and Japan degression ratio 
Year 
Simple payback under 
current degression ratio 
[years] 
Simple payback under 
Thailand degression ratio 
[years] 
Simple payback under 
Japan degression ratio  
[years] 
2012 4.4 4.4 4.4 
2013 5.5 4.7 4.9 
2014 6.1 4.7 5.6 
2015 7.7 4.7 6.1 




Figure 6.18 Projected simple payback duration 
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Another financial aspect observed in this analysis is the annual income receivable by the solar 
PV developer post-deployment and shown in Table 16 and Figure 6.19. With current Malaysian 
rate, the annual income received is MYR9.2 million in the initial year of 2014 but deployment 
at 2016 received almost half of income which is MYR 4.5 million. However, with the 
degression rate of Thailand the amount for annual income projected for deployment in 2013 up 
to 2015 is MYR 8.5 million while a slight decrease for projects initiated in 2016 with MYR 8 
million annual income. In addition, with Japan degression rate, the solar PV project will able to 
receive an annual income of MYR 7.5 million if deployed in 2014 and MYR 5.5 million for 
projects installed in 2016. Note that this analysis is done for a duration of 21 years according to 
Malaysian FiT scheme.  A slower degression rate definitely impact the solar PV system in term 




Table 16 Annual income for proposed 5 MW solar PV plant in Kelantan under current, Thailand 
and Japan degression ratio 
Year 
Annual income under 
current degression ratio 
[MYR] 
Annual income under 
Thailand degression ratio 
[MYR] 
Annual income under 
Japan degression ratio  
[MYR] 
2012 9,228,025 9,228,025 9,228,025 
2013 7,374,657 8,525,492 8,296,489 
2014 6,637,192 8,525,492 7,300,911 
2015 5,309,753 8,525,492 6,616,814 

























Figure 6.20 Projected expenditure for renewable energy fund in Malaysia energy budget 2016 
 
From the projected Fit rate using the degression ration of Thailand and Japan, a calculation for 
budget portion needed to cover the expenditure for FiT is carried out to observe the portion of 
expenses needed for the Malaysian government to bare the expenses for renewable fund for 
solar PV in a year. As depicted in Figure 6.20, with MYR 1.2 billion Malaysian 2016 budget for 
green energy as reference, the total expenditure to pay for solar PV generation of 304.6 GWh in 
2016, with Malaysian current FiT rate is MYR 140 million which accounts 12% of the total 
Malaysian budget for green energy sector alone. On the other hand, using the FiT rate from 
Japan degression ratio, the amount needed for solar PV fund is MYR 170 million, accounted for 
14% from the total budget. However, even with the highest degression ratio calculated from 
Thai FiT rate from 2012 as base year, only 21% of total budget accounting for MYR 260 
million is calculated for the government to pay the power producers for the electricity generated 
from solar power generation in 2016.  
 
On the other hand, Japan as a reference from a total of 930 billion yen of budget for energy 
sector in 2016, the total expenditure for the electricity produced from solar PV generation was 
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818 billion yen. This analysis shows in order to increase quota for large scale solar PV, Malaysia 
still has a room to spend for our renewable energy fund by reducing the rapid degression ratio 
into a more gradual reduction in coming years forward. A portion of government budget for 
renewable energy can be set aside to be utilized in assisting the current renewable energy fund 
and a higher quota for solar PV project can be introduced while implementing other measures 
such as applying surcharge for a wider category of consumers and getting power producers to 
also contribute to renewable energy fund by granting incentives or subsidies to help with the 




6.4 Discussion and empirical findings 
 
This sub-chapter 6.1 examines the technical and economic potential of solar photovoltaic-grid 
connected system in Peninsular Malaysia with the feed-in tariff is included in the study. A 5 
MW solar power plant with grid connected to fill up the peak load demand in major cities of 
Peninsular Malaysia is proposed. This study found that for the selected locations, the proposed 
system can generate electricity annually vary from 8.0GWh/year in Johor to 9.7 GWh/year in 
Kelantan. From the financial analysis, it can also be found the highest IRR 9.1% was observed 
in Kelantan and the lowest IRR was observed in Johor with 6.9%. Meanwhile, it can be 
observed that Kelantan gets the shortest payback period for 9.1 years and average payback from 
all cities is 9.9 years. With 21 years project lifetime, this shows that the application of solar 
photovoltaic for grid-connected system is quite feasible financially [142].  
From the environmental aspect, this proposed system also proves that it can reduce the GHG 
emission with average reduction of 6470 tCO2 which is equivalent to consumption of 15,109 
crude oil barrels. Based on the above analysis, all the considered sites seem to be profitable for 
the PV power plant placement. However, the northern side of Malaysia seems to be the most 
profitable site and southern part seems to be the minimum profit site for placement of the PV 
power plant. Another observation made from the result is the high potential of solar PV 
electricity production and profit at the location in West Malaysia states Sabah and Sarawak. 
Therefore investments in the field of PV power plants are recommended form the point of view 
of techno-economic feasibility and expected electric energy production values and inclusion of 
Sarawak in the Feed in Tariff scheme with the abundance of land in Sarawak with high solar 
radiation. From all of this calculation, based on the technical, economic and environmental 
indicator, it can be seen that the application of the proposed system is quite feasible to 
supplement the electricity grid and supply electricity when the load demand is in peak period. 
Meanwhile, due to the high initial investment, a policy for investment is proposed [143]. 
 
This sub-chapter 6.2 then examines the technical and economic potential of solar 
photovoltaic-grid connected system in Sabah, Malaysia. The current policy of the feed-in tariff 
is included in the study. This study investigates potential locations for 5 MW solar power plant 
with grid connected to fill up the peak load demand with objective to replace diesel power 
plants all over Sabah. Two scenarios were introduced to observe capability of one single 5 MW 
plant and another scenario with number of plants to replace the diesel generation plants in the 




This study found that for the selected locations, the proposed system can generate electricity 
annually with average of 8.377 GWh/year. From the financial analysis, it can also be found the 
average of 9.8% IRR was observed. From the proposed large scale plants, the shortest payback 
period noted was 10 years. With 21 years project lifetime, this shows that the application of 
Solar photovoltaic for grid-connected system is quite feasible financially. 
  
From the environmental aspect, this proposed system also proves that it can reduce the CO2 
emission at least 260ktCO2 in Scenario 1 and an amount of 1.55GtCO2 mitigated for Scenario 2. 
Based on the technical, economic and environmental indicator, it can be seen that the 
application of the proposed system is quite feasible to supplement the electricity grid and supply 
electricity when the load demand is in peak period [141]. In order to promote developments in 
RE installations the government may introduce investment incentives due to high initial cost of 
the solar plant installation. 
 
In the financial analysis done for a proposed 5 MW plant in Kelantan with Malaysian FiT rate in 
2012 as a base year and compared to Thailand and Japan degression ratio, it can be concluded 
that a higher IRR is achievable with a slower degression ratio such as Japan and Thailand with 
average IRR of 17.5% and 20.8% respectively as compared to current Malaysian degression 
ratio with 15.3%. On other hand the payback years is able to be reduced for 1 -2 years and a 
lucrative MYR 1-2 million extra of annual income is able to achieved with the more gradual 
reduction of degression ratio. In order to promote more installation of large scale solar PV, it is 
favourable for Malaysia to consider reducing the rapid degression ratio into a more gradual 
reduction in coming years forward to attract more power producers. For doing so the allocation 
for renewable fund out of government renewable green energy budget can be considered and a 






Chapter 7. Conclusion and policy implications 
 
In the attempt to investigate the current and future of large scale solar PV development in 
Malaysia a several analysis related to the environmental, technical and financial approach has 
been done.  
From the current energy overview done in Chapter 2 it is clear that Malaysia is highly 
dependent on fossil fuel and the situation is forecasted to continue due to the attractive cost and 
high efficiency of non-renewable fuel for electricity generation. The high dependency on fossil 
fuel definitely contributes to high CO2 emission and is major concern to the environment.  
 
In order to analyze the main contributor to the CO2 emission from electricity generation in 
Malaysia, a complete decomposition analysis has been conducted in Chapter 2 and three main 
effects have found to be the highest influencer in the increasing CO2 emission. The emission in 
Malaysia electricity generation is highly impacted by the share of fuel by type in the thermal 
generation where it is known that crude oil and diesel has the highest combustion factor. 
Malaysia has seen a big shift in fossil fuel combustion where in the early 90s the major fuel for 
electricity generation was crude oil and diesel due to the abundance resource under its own land 
and the low prices. However this has contributed to a high emission in CO2 and Malaysia‘s 
decision to shift from oil to natural gas and coal due to their competitive price has affected 
positively to the environment where there was a huge reduction in emission. The decrease of oil 
and diesel share in thermal generation has given a good impact to CO2 emission with a 
reduction of 15.8Mt. Another contributing factor to the decrease of CO2 emission was the 
improvement of generation rate in the fuel especially in the natural gas and coal over the years. 
The investment towards a more efficient gas turbine and effective combustion coal has impacted 
the emission rate and resulted a big decrease of 10MtCO2 in 10 years as observed in the 
decomposition analysis in subchapter 2.5.4. The one noticeable factor from the conducted 
analysis that should be taken seriously is the restructuring of electricity generation factor. The 
integration of non-fossil fuel combustion into the electricity generation share in Malaysia such 
as hydropower and renewable energy has a positive effect in reducing CO2 emission in Malaysia 
and the highest percentage of renewable generation in Malaysia so far would be from solar PV 
generation. From the analysis is it found that 2.67MtCO2 has been able to be mitigated from 





In order to identify the current challenge and perspective towards large scale solar PV in 
Malaysia, an analytic hierarchy process is done by conducting survey and interviews among 
experts in solar PV system and public in both Malaysia and Japan as described in Chapter 3. 
Japan, an established country with high number installed capacity of solar PV system is 
compared to uncover the formula to increasing capacity of large scale solar PV system. It was 
found from the AHP analysis, that from the view of experts and public in Malaysia, financial 
aspect is still a challenge for a new investment and installation of large scale solar PV system. 
Therefore there is a need to study the current feed in tariff policy in order to promote more 
participation from private sector to develop large scale solar system in Malaysia. The lack of 
awareness in large scale solar PV safety in Malaysian public has also been observed from the 
survey  
 
As financial aspect was found to be an important matter from view of experts and public in 
Malaysia, a financial analysis done in Chapter 4 found the possibilities of improvement in feed 
in tariff rates, and more incentives should be introduced to promote growth in solar PV 
generation , and renewable energy in general. It is observed that the maximum amount 
contributed per household with 301-600kWh is MYR 4.90 the minimum amount payable by the 
customer with the highest category of consumption of more than 901kWh is MYR 8.24 and 
63% of Malaysian electricity consumer are under the less than 300kW consumption category 
therefore their contribution is not counted. The analysis also found that the installed capacity of 
solar PV in Malaysia has a slow growth only 250 MW with 43% reduction by only 4 years of 
the scheme deployment due to the limitation of quota and the rapid degression of Fit rate. 
Malaysian neighbouring country Thailand is a good reference to properly reconsider the current 
degression rate for current feed in tariff system.  
 
The technical analysis done in the next chapter has found that Malaysia is a strategic location 
for large scale solar PV development where all major cities throughout Malaysia is compatible 
in generating a good amount of electricity generation with base load from natural gas 
combustion in order to reduce the amount of CO2 emission. In the analysis, the proposed system 
from the hypothetical 5 MW solar PV plan can generate electricity annually vary from 
8.0GWh/year 9.7 GWh/year in various states in Malaysia. A short payback of 9 years shows the 
potential of a good profit from installation of a solar PV plant in most states in Malaysia. A 
regional analysis done in Sabah showed by installing large scale solar PV , the depleting diesel 
plants could be replace while CO2 emission can be highly reduced. With 21 years project 
lifetime, this shows that the deployment of large scale solar PV system throughout Malaysia is 
quite feasible financially. However subchapter 6.3 has discussed the current Malaysian FiT 
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degression ratio with comparison to Thailand and Japan using a proposed 5 MW plant in 
Kelantan and it is observed that the IRR with the said countries‘ degression ratio with 2012 rate 
as base year is 1-2% higher and the payback years are 1-2years faster compared to Malaysian 
current ratio. A lucrative MYR 1-2 million extra of annual income is able to achieved with the 
more gradual reduction of degression ratio. The analysis shows in order to increase quota for 
large scale solar PV, Malaysia still has a room to spend for our renewable energy fund by 
reducing the rapid degression ratio into a more gradual reduction in coming years forward. 
 
From the comprehensive analysis that had been done and described in every chapter throughout 
the thesis, there is a good future and potential in large scale solar PV development in Malaysia 
however the government and private sector both have to play part in maintaining and promoting 
growth in solar PV system. Our current solar PV system is already on the right track but with a 
good improvement in current financial support mechanism and strengthened of the renewable 






The result of this research showed the high potential of integration of large scale solar PV 
throughout Malaysia and the need of improvement in the financial support mechanism, policies 
and regulations in order to boost the development of the system in addition to the current CO2 
emission mitigation measures. From the decomposition analysis done for Malaysia electricity 
generation in chapter 3, the thermal share effect is found to be contributing to CO2 emission 
reduction therefore increasing the share of natural gas as fuel and reducing the amount of coal 
share is beneficial to the mitigation of CO2 emission. Another contributing factor was the 
generation efficiency hence there is a need to switch into a more efficient fuel with high 
efficiency combustion such as cleaner coal in addition of installing high efficient gas turbine or 
coal plant in Malaysia‘s future electricity generation plan.  
 
From the feasibility analysis done in Sabah in Chapter 6, all diesel power plant and introduction 
should be retired and in exchange deployments of more solar PV plant with gas power plan as 
baseline should be considered. The decomposition analysis also found that the integration of 
renewable energy has influenced the reduction in emission therefore other than increasing the 
solar PV capacity by promoting more solar PV quota, diversification of other energy generation 
is crucial by tapping into other abundant source of renewable energy in Malaysia such as 
biomass, biogas, tidal wave and such. Since electricity intensity is known to be the major factor 
causing high CO2 emission in electricity generation, the government should promote measures 
for lesser electricity consumption such as the usage of high efficiency household products. 
 
It has been concluded in chapter 4 where there is a concern on safety and environment towards 
the installation of large scale solar PV therefore the government should promote awareness 
program regarding solar PV system in specific and renewable energy in general. A venture in 
solar PV technology by allocating more investment in research and development of PV system 
would help Malaysian apprehend deeper in solar PV system. 
  
The financial analysis of financial support mechanism for renewable energy in Malaysia done in 
chapter 5 and chapter 6 concluded the need of improvement for current Feed in Tariff scheme 
for Malaysia‘s renewable energy fund. The current 1.6% surcharge borne by Malaysian 
consumers with usage more than 300kW of electricity can be expanded also to usage with less 
consumption but with less percentage of surcharges. Apart from that it can be reconsidered that 
the contribution for renewable energy fund not only limited for domestic consumers but also to 
120 
 
power producers. As compared to Thailand and Japan, the rapid degression ratio of Malaysia‘s 
current FiT rates should be addressed. One alternative is to increase the renewable energy fund 
by injecting more investment from the government green energy budget apart from increasing 
the contribution from consumers. A slower degression ratio would open up more quotas for 
renewable energy generation.  
 
Another noticeable observation found from the analysis is the Feed in Tariff scheme is now only 
applies to peninsular Malaysia and Sabah while the one state in island of Borneo, Sarawak is not 
included. Sarawak has a vast amount of unexplored hydropower, biogas and biomass potential 
and mass land to be tapped for large scale solar PV plants therefore to include Sarawak would 
be a major advantage to the renewable energy fund and renewable energy industry in general. 
As total electricity generation intensify with the promising growth of GDP in Malaysian 
economy it is crucial to promote a greener development in electricity generation to mitigate the 
CO2 emission so that the government target to reduce to 40% CO2 emission by 2020 is 
achievable. 
 
It is hoped that the conclusions and recommendations drawn in this study would be useful to the 
policy makers as well as renewable energy and solar PV industrial experts to assist Malaysia's 
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